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Description

Title of Invention: METHOD AND APPARATUS FOR CHANNEL

[1]

[2]

[3]

[4]

STATE INFORMATION FEEDBACK REPORTING

Technical Field
The present application relates generally to Coordinated Multi-Point (CoMP) com-
munication and, more specifically, to channel state information (CSI) feedback for

CoMP communication.

Background Art

CoMP technology has been standardized to allow the user equipment (UE) to receive
signals from multiple transmission points (TPs) in different usage scenarios. The
different scenarios include: 1) a homogeneous network with intra-site CoMP; 2) a ho-
mogeneous network with high transmit (Tx) power remote radio heads (RRHs); 3) a
heterogeneous network with low-power RRHs within the macro cell coverage where
the transmission/reception points created by the RRHs have different cell identifiers
(IDs) from the macro cell; and 4) a heterogeneous network with low power RRHs
within the macro cell coverage where the transmission/reception points created by the
RRHs have the same cell IDs as the macro cell. The CoMP communication schemes
that have been identified as the focus for standardization are joint transmission (JT);
dynamic point selection (DPS), including dynamic point blanking; and coordinated
scheduling/beamforming, including dynamic point blanking. Furthermore, the de-
scription of the CoMP usage scenarios is included in 3GPP TS 36.819, which is in-

corporated by reference herein.
Disclosure of Invention
Solution to Problem

A method for transmitting channel state information (CSI) feedback report to a
serving cell is provided. The method includes for time division duplex (TDD), con-
figuring at least one periodic CSI process with a CSI reference source defined by a
single downlink subframe n-n co; s, Wherein n ¢, 1S a smallest value greater than or
equal to a positive Integer N cor ror min » SUCh that it corresponds to a valid downlink
subframe, wherein n gy ¢ in Varies based on a number of at least one periodic CSI
process.

An apparatus for channel state information (CSI) feedback report to a base station is
provided. The apparatus includes a controller configured to, for TDD, configure at
least one periodic CSI process with a CSI reference source defined by a single
downlink subframe n-n ¢y; ,r, Wherein n cy; 1S a smallest value greater than or equal

to a positive INteZEr N cgs o min » SUCh that it corresponds to a valid downlink subframe,
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Wherein 1 coy ¢ min Varies based on a number of at least one periodic CSI process.

A method for receiving channel state information (CSI) feedback report from a user
equipment (UE) is provided. The method includes, for time division duplex (TDD),
configuring at least one periodic CSI process with a CSI reference source defined by a
single downlink subframe n-n ¢y ,,r, Wherein n ¢y, ,sis a smallest value greater than or
equal to a positive Integer N cor ror min » SUCh that it corresponds to a valid downlink
subframe, wherein n gy ¢ in Varies based on a number of at least one periodic CSI
process.

An apparatus method for receiving channel state information (CSI) feedback report
from a user equipment (UE) is provided. The apparatus includes a controller
configured to, time division duplex (TDD), configure at least one periodic CSI process
with a CSI reference source defined by a single downlink subframe n-n ¢y; s, Wherein
N cor 18 @ smallest value greater than or equal to a positive integer N co; rer min » SUch that
it corresponds to a valid downlink subframe, wherein n ¢y .f mn Varies based on a
number of at least one periodic CSI process.

A method for channel state information (CSI) feedback reporting to a base station is
provided. The method includes configuring not to accommodate, by a user equipment
(UE), the one or more aperiodic CSI requests arrived from a serving cell except a CSI
request of CSI processes with lower indexes for each serving cell, wherein a number of
the one or more CSI processes with lower indexes is determined based on a number of
pending CSI reports.

An apparatus for receiving channel state information (CSI) feedback report from a
serving cell is provided. The apparatus includes a controller configured not to ac-
commodate, by a user equipment (UE), the one or more aperiodic CSI requests arrived
from a serving cell except a CSI request of CSI processes with the lowest indexes for
each serving cell, wherein a number of the one or more CSI processes with the lowest
indexes is determined based on a number of pending CSI reports.

Before undertaking the DETAILED DESCRIPTION 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 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 func-
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tionality 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 system that transmits messages in ac-
cordance with embodiments of the present disclosure;

FIGURE 2 illustrates a high-level diagram of an orthogonal frequency division
multiple access transmit path in accordance with embodiments of the present
disclosure;

FIGURE 3 illustrates a high-level diagram of an orthogonal frequency division
multiple access receive path in accordance with embodiments of the present disclosure;

FIGURE 4 illustrates a block diagram of a transmitter and a receiver in a wireless
communication system that may be used to implement various embodiments of the
present disclosure;

FIGURE 5 illustrates a block diagram of a CoOMP communication system in ac-
cordance with embodiments of the present disclosure;

FIGURES 6A, 6B and 6C are high level diagrams illustrating a network within
which CSI feedback for coordinated multi-point transmission may be implemented
according to embodiments of the present disclosure;

FIGURE 7 illustrates feedback reporting corresponding to multiple CSI-RS resources
which may be multiplexed in time in accordance with embodiments of the present
disclosure;

FIGURE 8 illustrates feedback reporting for multiple CSI-RS resources which may
be configured together for certain report types in accordance with embodiments of the
present disclosure;

FIGURES 9A and 9B illustrate examples of a single periodic PUCCH configured
with UE autonomous TP switching in accordance with embodiments of the present
disclosure;

FIGURES 10A and 10B illustrate examples of a reference subframe with a con-
figuration of IM resource and CSI subframe subsets in accordance with embodiments
of the present disclosure;

FIGURE 11 illustrates a process for CSI feedback reporting by a UE in a coordinated
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multipoint communication system in accordance with embodiments of the present

disclosure;
FIGURE 12 illustrates transmitting a UL CSI in accordance with embodiments of the

present disclosure; and

FIGURE 13 illustrates collision of the periodic CSI reporting in accordance with em-
bodiments of the present disclosure.
Mode for the Invention

FIGURES 1 through 13, 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 system or device.

The following standards documents are incorporated by reference herein: 1) 3GPP
TS 36.211 v10.1.0, "E-UTRA, Physical channels and modulation" (REF1); 2) 3GPP
TS 36.212 v10.1.0, "E-UTRA, Multiplexing and Channel coding" (REF2); 3) 3GPP TS
36.213 v10.1.0, "E-UTRA, Physical Layer Procedures" (REF3); 4) RP-111365 Co-
ordinated Multi-Point Operation for LTE WID; and 5) 3GPP TR 36.819 V11.0.0
(2011-09) (REF4).

FIGURES 1-3 below describe various embodiments implemented in wireless com-
munication systems and with the use of OFDM or OFDMA communication
techniques. The description of FIGURES 1-3 is not meant to imply physical or archi-
tectural limitations to the manner in which different embodiments may be im-
plemented. Different embodiments of the present disclosure may be implemented in
any suitably arranged communications system.

FIGURE 1 illustrates exemplary wireless system 100, which transmits messages
according to the principles of the present disclosure. In the illustrated embodiment,
wireless system 100 includes transmission points (e.g., an Evolved Node B (eNB),
Node B), such as base station (BS) 101, base station (BS) 102, base station (BS) 103,
and other similar base stations or relay stations (not shown). Base station 101 is in
communication with base station 102 and base station 103. Base station 101 is also in
communication with network 130 or a similar [P-based system (not shown).

Base station 102 provides wireless broadband access (via base station 101) to
network 130 to a first plurality of UEs (e.g., mobile phone, mobile station, subscriber
station) within coverage area 120 of base station 102. The first plurality of UEs
includes UE 111, which may be located in a small business (SB); UE 112, which may
be located in an enterprise (E); UE 113, which may be located in a WiFi hotspot (HS);
UE 114, which may be located in a first residence (R); UE 115, which may be located
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in a second residence (R); and UE 116, which may be a mobile device (M), such as a
cell phone, a wireless laptop, a wireless PDA, or the like.

Depending on the network type, other well-known terms may be used instead of
"base station," such as "eNodeB" or "access point". For the sake of convenience, the
term "base station" shall be used herein to refer to the network infrastructure
components that provide wireless access to remote terminals. In addition, the term
"user equipment” or "UE" is used herein to designate any remote wireless equipment
that wirelessly accesses a base station and that can be used by a consumer to access
services via the wireless communications network, whether the UE is a mobile device
(e.g., cell phone) or is normally considered a stationary device (e.g., desktop personal
computer, vending machine, etc.). Other well know terms for the remote terminals
include "mobile stations" (MS) and "subscriber stations" (SS), "remote terminal” (RT),
"wireless terminal” (WT), and the like.

Base station 103 provides wireless broadband access (via base station 101) to
network 130 to a second plurality of UEs within coverage area 125 of base station 103.
The second plurality of UEs includes UE 115 and UE 116. In an exemplary em-
bodiment, base stations 101-103 may communicate with each other and with UEs
111-116 using OFDM or OFDMA techniques. In some embodiments, one or more of
base stations 101-103 may communicate with each other and with UEs 111-116 using
5G, LTE, LTE-A, or WiMAX techniques including techniques for: channel state in-
formation feedback reporting as described in embodiments of the present disclosure.

While only six UEs are depicted in FIGURE 1, it is understood that wireless system
100 may provide wireless broadband access to additional UEs. It is noted that UE 115
and UE 116 are located on the edges of both coverage area 120 and coverage area 125.
UE 115 and UE 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.

UEs 111-116 may access voice, data, video, video conferencing, and/or other
broadband services via network 130. In an exemplary embodiment, one or more of
UEs 111-116 may be associated with an access point (AP) of a WiFi WLAN. UE 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. UEs 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 transmit path circuitry 200. For example, the
transmit path circuitry 200 may be used for an orthogonal frequency division multiple
access (OFDMA) communication. FIGURE 3 is a high-level diagram of receive path
circuitry 300. For example, the receive path circuitry 300 may be used for an or-

thogonal frequency division multiple access (OFDMA) communication. In FIGURES
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2 and 3, for downlink communication, the transmit path circuitry 200 may be im-
plemented in base station (BS) 102 or a relay station, and the receive path circuitry 300
may be implemented in a UE (e.g., UE 116 of FIGURE 1). In other examples, for
uplink communication, the receive path circuitry 300 may be implemented in a base
station (e.g., base station 102 of FIGURE 1) or a relay station, and the transmit path
circuitry 200 may be implemented in a UE (e.g., UE 116 of FIGURE 1). In certain em-
bodiments, transmit path 200 and receive path 300 are configured to perform methods
channel state information feedback reporting as described in embodiments of the
present disclosure.

Transmit path circuitry 200 comprises channel coding and modulation block 205,
serial-to-parallel (S-to-P) block 210, Size N Inverse Fast Fourier Transform (IFFT)
block 215, parallel-to-serial (P-to-S) block 220, add cyclic prefix block 225, and up-
converter (UC) 230. Receive path circuitry 300 comprises down-converter (DC) 255,
remove cyclic prefix block 260, serial-to-parallel (S-to-P) block 265, Size N Fast
Fourier Transform (FFT) block 270, parallel-to-serial (P-to-S) block 275, and 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 this disclosure document may be implemented
as configurable software algorithms, where the value of Size N may be modified
according to the implementation.

Furthermore, although this disclosure is directed to an embodiment that implements
the Fast Fourier Transform and the Inverse Fast Fourier Transform, this is by way of il-
lustration 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 transmit path circuitry 200, channel coding and modulation block 205 receives a
set of information bits, applies coding (e.g., LDPC coding) and modulates (e.g.,
Quadrature Phase Shift Keying (QPSK) or Quadrature Amplitude Modulation (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
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in BS 102 and UE 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 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 UE 116 after passing through the wireless
channel, and reverse operations to those at BS 102 are performed. 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 demodulation 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 UEs 111-116 and may implement a receive path that is
analogous to receiving in the uplink from UEs 111-116. Similarly, each one of UEs
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.

FIGURE 4 illustrates a block diagram of a transmitter 405 and a receiver 410 in a
wireless communication system that can be used to implement various embodiments of
the present disclosure. The embodiment of the transmitter 405 and receiver 410 shown
in FIGURE 4 is for illustration only. Other embodiments could be used without
departing from the scope of this disclosure.

In this illustrative example, the transmitter 405 and the receiver 410 are devices at a
communication point in a wireless communication system, such as, for example,
wireless system 100 in FIGURE 1. In some embodiments, the transmitter 405 or the
receiver 410 is a network entity, such as a base station, e.g., an evolved node B (eNB),
a remote-radio head, a relay station, an underlay base station; a gateway (GW); or a
base station controller (BSC). In other embodiments, the transmitter 405 or the receiver
410 is a UE (e.g., mobile station, subscriber station, etc.). In one example, the

transmitter 405 or the receiver 410 is an example of one embodiment of the UE 116 in
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FIGURE 1. In another example, the transmitter 405 or the receiver 410 is an example
of one embodiment of the base station 102 in FIGURE 1.

The transmitter 405 comprises antenna(s) 415, phase shifters 420, Tx processing
circuitry 425, and controller 430. The transmitter 405 receives analog or digital signals
from outgoing baseband data. Transmitter 405 encodes, multiplexes, and/or digitizes
the outgoing baseband data to produce a processed RF signal that is sent and/or
transmitted via transmitter 405. For example, the Tx processing circuitry 425 can
implement a transmit path that is analogous to the transmit processing circuitry 200 in
FIGURE 2. Transmitter 405 also can perform spatial multiplexing via layer mapping to
different antennas in antenna(s) 415 to transmit signals in multiple different beams.
The controller 430 controls the overall operation of transmitter 405. In one such
operation, controller 430 controls the transmission of signals by the transmitter 405 in
accordance with well-known principles.

Receiver 410 receives from antenna(s) 435, an incoming RF signal or signals
transmitted by one or more transmission points, such as base stations, relay stations,
remote radio heads, UEs, and the like. Receiver 410 includes Rx processing circuitry
445 that processes the received signal(s) to identify the information transmitted by the
transmission point(s). For example, the Rx processing circuitry 445 may down-convert
the incoming RF signal(s) to produce an intermediate frequency (IF) or a baseband
signal by channel estimating, demodulating, stream separating, filtering, decoding,
and/or digitizing the received signal(s). For example, the Rx processing circuitry 445
can implement a receive path that is analogous to the receive processing circuitry 300
in FIGURE 3. The controller 450 controls the overall operation of the receiver 410. In
one such operation, the controller 450 controls the reception of signals by the receiver
410 in accordance with well-known principles.

In various embodiments, the transmitter 405 is located within a TP, and the receiver
is located within a UE in a CoMP communication system. For example, in the CoMP
communication, multiple TPs can include transmitters similar to the transmitter 405
that transmits to the UE. The multiple TPs can be any combination of base stations
(e.g., eNB, macro base stations, etc.), RRHs, and/or underlay base stations (e.g., micro
base stations, relay stations, etc.).

The illustration of transmitter 405 and receiver 410 illustrated in FIGURE 4 is for the
purposes of illustrating one embodiment in which embodiments of the present
disclosure can be implemented. Other embodiments of the transmitter 405 and the
receiver 410 can be used without departing from the scope of this disclosure. For
example, the transmitter 405 can be located in a communication node (e.g., BS, UE,
RS, and RRH) that also includes a receiver, such as receiver 410. Similarly, the

receiver 410 can be located in a communication node (e.g., BS, UE, RS, and RRH) that
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also includes a transmitter, such as transmitter 405. Antennas in the Tx and Rx antenna
arrays in this communication node can overlap or be the same antenna arrays used for
transmission and reception via one or more antenna switching mechanisms.

FIGURE 5 illustrates a block diagram of a CoMP communication system 500 in ac-
cordance with various embodiments of the present disclosure. The embodiment of the
CoMP communication system 500 shown in FIGURE 5 is for illustration only. Other
embodiments could be used without departing from the scope of the present disclosure.

In this illustrative example, the CoMP communication system 500 includes a UE 505
and two TPs 510 and 515. For example, the UE 505 can include a receiver and
transmitter as illustrated in FIGURE 4. The TPs 510 and 515 also can include a
receiver and transmitter as illustrated in FIGURE 4. The TPs 510 and 515 can be any
combination of base stations (e.g., eNB, macro base stations, etc.), RRHs, and/or
underlay base stations (e.g., micro base stations, relay stations, etc.). Additionally,
other TPs and UEs can be present in the CoMP communication system 500. For
example, more than two TPs can communicate with the same UE 505.

The TPs 510 and 515 are connected to a network 520. For example, the TPs 510 and
515 can be connected by a wire line and/or fiber optical network. The network 520
provides connections between the TPs 510 and 515 to provide data and control in-
formation for wireless communication between the TPs 510 and 515 and the UE 505.
The network 520 performs scheduling for wireless communications in the CoOMP com-
munication system 500. For example, the network 520 can include one or more
gateways; or base station controllers. In one example, the network 520 can be one em-
bodiment of the network 130 in FIGURE 1.

FIGURES 6A, 6B and 6C are high level diagrams illustrating a network within
which CSI feedback for coordinated multi-point transmission can be implemented
according to embodiments of the present disclosure. The embodiments of the networks
shown in FIGURES 6A, 6B and 6C are for illustration only. Other embodiments could
be used without departing from the scope of the present disclosure.

FIGURE 6A illustrates a homogenous wireless communications network 600 with
intra-site CoMP. Each cell or coverage area 602, simplistically depicted in FIGURE
6A as a hexagon for convenience of explanation but actually having a variable shape,
includes a base station 604, hereinafter also referred to as an evolved Node B (eNB)
for purpose of the Long Term Evolution (LTE) family of standards promulgated by the
3rd Generation Partnership Project (3GPP). Each eNB 604 includes a control system,
such as a programmable processor, communicably coupled to a memory and via
transmitter and receiver chains to a transceiver for transmission and reception of
wireless signals using at least one antenna. The control system of each eNB 604 can

schedule communications of specific types, such as feedback, from mobile stations
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within the corresponding coverage area 602. The eNBs 604 are in communication with
each other in accordance with the known art to allow for coordinate multi-point
transmission of such communications.

A plurality of user equipments (UEs) (or "mobile stations") located in (or moving
through) the coverage areas 602 are served by the eNBs 604, receiving wireless signals
from an eNB 604 and transmitting data by wireless signals through the eNB 104, and
upon occasion can be served by more than one eNB 104 concurrently. Each UE
includes a control system, such as a programmable processor, also communicably
coupled to a memory and also communicably coupled via transmitter and receiver
chains to a transceiver for transmission and reception of wireless signals using at least
one antenna. As known in the art, the eNBs 604 and the UEs communicate using Or-
thogonal Frequency Division Multiplexing (OFDM) symbols transmitted over defined
frequencies and time periods comprising a communications channel. The frequencies
of the communications channel are divided into bands and subbands, and an individual
carrier frequency (or set of carrier frequencies) for one time period is referred to as a
"resource element" (RE). The control system of the UE is configured to measure the
quality of wireless signals from an eNB 604 on the different bands or subbands, and
generate various known channel information for feedback to the eNB 604 based on a
"wideband" (a group of subbands) or a subband.

FIGURE 6B illustrates a homogenous wireless communications network 610 with
one eNB 604 and a plurality of high transmission power remote radio heads (RRHs)
614, each with a coverage area 612. The RRHs 614 each have a structure similar to the
eNB 604, including a control system, memory and transmit/receive subsystems. The
RRHs 614 are coupled to the eNB 604 by optical fiber 616.

FIGURE 6C illustrates a wireless communications network 620 with one eNB 604
having a coverage area 620 and a plurality of low transmission power remote radio
heads (RRHs) 624, each with an omni-directional antenna and a coverage area 622.
Like the RRHs 614, the RRHs 624 each has a structure similar to the eNB 604,
including a control system, memory and transmit/receive subsystems. The RRHs 624
are coupled to the eNB 604 by optical fiber 616.

Using FIGURE 6A as representative of all three wireless communication networks
depicted in FIGURES 6A through 6C, a UE located in one coverage area 602a can
receive wireless signals from an eNB 604a within that coverage area and from another
eNB 604b located within an adjacent (or partially overlapping) coverage area 602b.
Those wireless signals from the two eNBs 604a, 604b may on occasion interfere with
each other, reducing efficiency of wireless communication by requiring that data be
resent. Coordinated multi-point transmission by the eNBs 604 improves commu-

nication efficiency by, among other things, reducing the incidences of such in-
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terference. The coverage area 604a in FIGURE 6A is the "coordination area" of
interest in the discussion herein.

With the different CoMP transmission schemes described in the background above,
the network needs to know the channel quality indicator (CQI), precoding matrix
indicator (PMI), and rank indicator (RI) supported by the UE to optimize scheduling.
The feedback definitions and measurements are defined for a single-cell transmission
for LTE Release 8 to Release 10. The individual CoMP scheme performance may also
be characterized by other parameters, such as the TPs used in the CoMP scheme;
precoding applied at each of the one or more transmitting TPs; the TPs that are blanked
or not transmitting; and the interference measurement resource that may be configured
for measurement of individual CQIs.

A CSI reference signal (RS) enables channel measurements by a UE. A UE specific
CSI-RS configuration includes: 1) a non-zero power CSI-RS resource; and 2) one or
more zero-power CSI-RS resources. Typically, the non-zero power CSI-RS resource
corresponds to the antenna elements/ports of the serving cell. Zero-power CSI-RS, also
commonly referred to as muted CSI-RS, are used to protect the CSI-RS resources of
another cell, and a UE is expected to rate match (skip for decoding/demodulation)
around these resources. Additional configuration details of the CSI-RS are specified in
3GPP TS 36.211, particularly in sections 6.10.5 and 7.2.5.

To support CoMP transmission, a network needs feedback corresponding to multiple
transmission points or cells. As a result, a network can set up multiple CSI-RS
resources, each typically corresponding to a TP or CSI process. Unless otherwise
stated, the terms "CSI-RS resource,” "TP," and "CSI process" may be used inter-
changeably. Further details of CSI-RS resource configurations and the configurable pa-
rameters for each CSI-RS resource can include that configuration of multiple non-
zero-power CSI-RS resources include at least: AntennaPortsCount, ResourceConfig,
SubframeConfig, P, and a Parameter X to derive scrambling initialization:

MathFigure 1
[Math.1]
=2 (T * (n A DFIH1) = (2 - XH1)+2 * X+Ng,

X ranges from O to 503 and can be interpreted as virtual cell id. In Release 10, X is
the PCI of the serving cell. These parameters are configured per CSI-RS resource.
Some parameters can be configured per CSI-RS port considering the decision of
supporting coherent joint transmission by the aggregate CSI feedback corresponding to
multiple TPs in one CSI-RS resource. While the CSI-RS resources capture channels of
individual TPs, the interference measurement also depends on the CoMP scheme. In

Releases 8-10, a single interference measurement resource is used, which is the cell-
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specific reference signal (CRS) itself. Interference measurement on CRS captures all
the interference outside the cell.

For CoMP, one or more interference measurement resources can be defined to
capture the interference for a hypothetical CoMP scheme. At least one Interference
Measurement Resource (IMR) (also referred to as a CSI-interference measurement
(IM) resource or CSI-IM resource) can be configured for a Release-11 UE. A
maximum of only one or multiple IMRs can be configured for a Release-11 UE. Each
IMR can consist of only REs, which can be configured as Release 10 CSI-RS
resources.

For support of CoOMP, new CSI-RS configurations are defined and signaled by higher
layers as described herein in accordance with the various embodiments of the present
disclosure. In Release-10 and, more specifically, 3GPP TS 36.331, CSI-RS con-
figuration is signaled as follows, where a single non-zero power CSI-RS and its pa-
rameters are indicated, while multiple zero-power CSI-RS configurations are indicated
using a bitmap.

With one or more interference measurement resources supported for CoMP, CSI
measurement is based on both a CSI-RS resource and an IMR or CSI-IM resource. As
a result, embodiments of the present disclosure define CSI configurations for feedback.

In various embodiments, if the UE is configured with multiple IMR resources, the
CSI configurations can be defined as illustrated in TABLE 1 below, each with an as-
sociated (CSI-RS resource index, IMR resource index) pair. Each CSI configuration

can be for a particular TP or CSI process.

Table 1
[Table 1]
CSI Configuration CSI-RS Resource Index IMR Resource Index
Configuration 1 X1 Y1
Configuration 2 X2 Y2

In certain embodiments, the IMR resource index is based on one of the currently
defined 16 CSI-RS resource configurations that are used for zero-power CSI-RS in
Release-10 based on a 4Tx CSI-RS pattern (e.g., such as the four CSI reference signal
column in Table 6.10.5.2-1. of 36.211): An example instruction (plurality of in-
structions) can be:

ASNI1START

CSI-Config-r11 ::= SEQUENCE {
¢si-RS-r11 CHOICE {
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release NULL,

setup SEQUENCE {

antennaPortsCount-r11 ENUMERATED {anl, an2, an4, an8},
resourceConfig-r11 INTEGER (0..31),

subframeConfig-r11 INTEGER (0..154),

p-C-r11 INTEGER (-8..15)

IMR-resourceConfigr-rl11 INTEGER (0..15)
IMRSubframeConfig-r11 INTEGER (0..154)

}
} OPTIONAL, -- Need ON

ASNISTOP
In other embodiments, an antenna port count can be additionally indicated to allow
configuration of any of the 1 or 2, 4, 8 Tx patterns: An example instruction (plurality

of instructions) can be:
ASNISTART

CSI-Config-r11 ::= SEQUENCE {

csi-RS-r11 CHOICE {

release NULL,

setup SEQUENCE {

antennaPortsCount-r11 ENUMERATED {anl, an2, an4, an8},
resourceConfig-r11 INTEGER (0..31),

subframeConfig-r11 INTEGER (0..154),

p-C-r11 INTEGER (-8..15)

IMR-antennaPortsCount-r11 ENUMERATED {anl, an2, an4, an8}
IMR-resourceConfigr-rl11 INTEGER (0..15)
IMRSubframeConfig-r11 INTEGER (0..154)

}
} OPTIONAL, -- Need ON

ASNISTOP
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In other embodiments, instead of indicating antenna port count, the configuration of
any of the 1 or 2, 4, 8 Tx patterns can be allowed by using an aggregate bit field, i.e., a
single bit field to indicate a total of 32 (1 or 2 Tx) +16 (4Tx) + 8 (8 Tx) = 56 patterns:
An example instruction (plurality of instructions) can be:

ASNI1START

CSI-Config-r11 ::= SEQUENCE {

csi-RS-r11 CHOICE {

release NULL,

setup SEQUENCE {

antennaPortsCount-r11 ENUMERATED {anl, an2, an4, an8},
resourceConfig-r11 INTEGER (0..31),

subframeConfig-r11 INTEGER (0..154),

p-C-r10 INTEGER (-8..15)

IMR-resourceConfigr-rl1 INTEGER (0..56)
IMRSubframeConfig-r11 INTEGER (0..154)

}
} OPTIONAL, -- Need ON

-- ASNISTOP

Multiple such CSI configurations can be defined for a UE for CSI feedback purposes.

In certain embodiments, a single IMR resource can be configured, while the multiple
CSI-RS resources are configured separately. In this case, each CSI-RS configuration is
defined by the associated CSI-RS resource and at least the common IMR resource as
illustrated by the pseudo-code segment below:

IMR-CSI-RS-r11 CHOICE {

release NULL,

setup SEQUENCE {

IMRResourceConfig-r11 INTEGER (0..15)

IMRSubframeConfig-r11 INTEGER (0..154)

}
}

The whole set of configurations (1, 2, 4, 8 Tx) patterns can be using either an anten-
naportscount parameter or an aggregate IMRresourceconfig parameter as illustrated by

the two pseudo-code segments below:
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[136] IMR-CSI-RS-r11 CHOICE {

[137] release NULL,

[138] setup SEQUENCE {

[139] IMR-antennaPortsCount-r11 ENUMERATED {anl, an2, an4, an8},

[140] IMRResourceConfig-r11 INTEGER (0..15)

[141] IMRSubframeConfig-r11 INTEGER (0..154)

[142] }

[143] }

[144]

[145]

[146] IMR-CSI-RS-r11 CHOICE {

[147] release NULL,

[148] setup SEQUENCE {

[149] IMRResourceConfig-r11 INTEGER (0..56)

[150] IMRSubframeConfig-r11 INTEGER (0..154)

[151] }

[152] }

[153] In certain embodiments, one or more IMR resources may be configured using the
definitions above. In some embodiments, a list of IMR resources can be set up using a
single field using by replacing

[154] IMR-resourceConfigr-r11 INTEGER (0..X)

[155] with

[156] IMR-resourceConfigr-rl1 BIT STRING (SIZE(16))

[157] In certain embodiments, an interference measurement hypothesis can be based on at
least one IMR resource and at least one non-zero power CSI-RS resource. In this case,
the UE is expected to measure interference on an IMR resource by just summing or
averaging received signal power contribution of corresponding REs. For deriving the
interference measurement component from non-zero power CSI-RS resources, the UE
performs channel estimation and derives the interference power based on the sum or
average power of the CSI-RS ports corresponding to the non-zero-power CSI-RS
resource.

[158] TABLE 2 below illustrates an example with an IMR resource Y as configured in the

[159]

examples above. Such CSI configuration can be set up differently for periodic and
aperiodic feedback modes.
Table 2
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[Table 2]
CSI Configuration CSI-RS Resource Index IMR Resource con-

[160]

[161]

[162]

[163]

figuration (IMR Resource
Index, Non Zero Power
CSI-RS Resource Con-

figuration Index)

Configuration 1 X1 (Y,Z1)

Configuration 2 X2 (Y, Z2)

The non-zero power CSI-RS (Z1, Z2) resources used can be implicitly known by the
UE based on the feedback mode or explicitly configured, as in Table 2 above. In one
example for implicit configuration, the non-zero power CSI-RS resources (Z1 for con-
figuration 1) used for interference measurement can include some or all of the non-
zero power CSI-RS configured for that UE. In another example, the non-zero power
CSI-RS resources used for interference measurement for a CSI configuration is im-
plicitly based on the corresponding CSI-RS resource index (X1 for configuration 1).
An example of such a method is that the non-zero power CSI-RS resources (Z1) used
for interference measurement are all the configured CSI-RS resources for that UE
except X1. In another example, the non-zero power CSI-RS resources (Z1) used for in-
terference measurement are all the CSI-RS resources configured for that UE except
those corresponding to the CSI configurations for that UE (i.e., X1, X2). For example,
(X1, X2) can be considered a reporting set, while X1 can be considered a transmission
set for CSI purposes.

In various embodiments, the PDSCH is not mapped to the REs corresponding to the
configured IMR resource(s). The rules for PDSCH mapping to resource elements are
outlined in section 6.3.5 of 36.211.

Certain embodiments of the present disclosure include that for each of the antenna

ports used for transmission of the physical channel, the block of complex-valued
() () ap
¥ 0oy (M - 1)

location specified in section 5.2 and be mapped in sequence starting with

symbols conform to the downlink power al-

yP0)

to resource elements ( A I) , which, among other criteria, are not used for
=

transmission of IMR reference signals and the DCI associated with the downlink
transmission uses the C-RNTI or semi-persistent C-RNTI , and the index 1 in the first
slot in a subframe fulfills 1>1p, .50 Where lp,.si.q 1S given by Section 7.1.6.4 of REF4.

In addition to the CSI and IMR (or CSI-IM resource) configurations, embodiments of
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the present disclosure also provide CQI definitions. In one example, the CQI definition
is modified as follows. In the CSI reference resource, the UE assumes the following for
the purpose of deriving the CQI index, and if also configured, PMI and RI: the first 3
OFDM symbols are occupied by control signaling; no resource elements used by
primary or secondary synchronization signals or PBCH; CP length of the non-MBSFN
subframes; Redundancy Version 0; if CSI-RS is used for channel measurements, the
ratio of PDSCH EPRE to CSI-RS EPRE is as given in Section 7.2.5 of 3GPP TS
36.213. Additionally, for transmission mode x, which is a new transmission mode
defined to enable CoMP support for LTE, CSI reporting: CRS REs are as in non-
MBSEN subframes; if the UE is configured for PMI/RI reporting, the UE-specific
reference signal overhead is consistent with the most recent reported rank; and PDSCH

signals on antenna ports { 7 6+ } for v layers results in signals equivalent

to corresponding symbols transmitted on antenna ports of the CSI-
{agy-ap}
RS resource, as given by::
MathFigure 2
[Math.2]
[ ] F O T
y (1)
=W ,
ar (v-1) .
'y x (1)]
where

SN () A -1, 17T
x(H=[x""G..x" (D]
is a vector of symbols from the layer mapping in section 6.3.3.2 of 3GPP TS 36.211,
PS1.2.4.8}
is the number of CSI-RS ports configured for the CSI-RS resource, and if only one
CSI-RS port is configured,

()
is 1, otherwise
(i)

is the precoding matrix corresponding to the reported PMI applicable to

x(7)
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. The corresponding PDSCH signals transmitted on antenna ports

{a,..aps

has a ratio of EPRE to CSI-RS EPRE equal to the ratio given in section 7.2.5 of 3GPP
TS 36.213. If IMR based interference measurement is configured for the UE, assume
the interference is the sum of interference observed on the IMR resource and one or
more non-zero power CSI-RS resources configured for the CQI measurement (i.e., as-
sociated with the CSI request or higher layer configuration), where the individual con-
tributions are obtained as: for interference measurement based on a non-zero power
CSI-RS resource, the interference is based on the [average] received power on the
reference signals corresponding to the CSI-RS antenna ports of the CSI-RS resource;
and for interference measurement based on an IMR resource, the interference mea-
surement is the total power (or average power) observed on the REs corresponding to
the IMR resource. Further, in the CSI reference resource, the UE assumes the
following for the purpose of deriving the CQI index, and if also configured, PMI and
RI: no REs allocated for CSI-RS and zero-power CSI-RS and IMR resources; no REs
allocated for PRS; and the PDSCH transmission scheme given by Table 7.2.3-0 of
3GPP TS 36.213, depending upon the transmission mode currently configured for the
UE (which may be the default mode).

In certain embodiments, the interference measurement can only be performed if an
IMR resource is configured by higher layers. In this case, the condition for interference
measurement in the CQI definition can be modified as if at least one IMR resource is
configured by higher layers for the UE.

In certain embodiments, if the CSI configuration corresponding to the CQI requested
as part of a periodic feedback mode or an aperiodic CSI request has a configured IMR
resource, then interference measurement can be defined with the condition if at least
one IMR resource is configured as part of the periodic CSI configuration or aperiodic
CSI request.

If interference measurement based on a non-zero power CSI-RS resource is not
supported, then the text in the CQI definition can be modified as if IMR based in-
terference measurement is configured for the UE, assume the interference is based on
an IMR resource, where the interference is the total power (or average power)
observed on the REs corresponding to the IMR resource. The same or similar modi-
fications outlined above can be applied to this case as well for the condition to trigger
IMR based interference assumption.

In accordance with the above definitions for multiple CSI and/or IMR configurations,
embodiments of the present disclosure provide for periodic feedback modes based on

the PUCCH. Periodic feedback modes are based on semi-persistent configuration of
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uplink control information on the PUCCH channel. These feedback modes are
configured with a certain periodicity and offset. The supported feedback modes, in-
dividual report types, and timing configuration (periodicity, offset) are summarized in
3GPP TS 36.213 Table 7.2.2-1. Additionally, various CQI/PMI and RI reporting types
with distinct periods and offsets are supported for the PUCCH CSI reporting modes as
given in 3GPP TS 36.213 Table 7.2.2-3.

For each serving cell, the periodicity N4 (in subframes) and offset N pprspr cor (in
subframes) for CQI/PMI reporting are determined based on the parameter cgi-
pmi-Configindex (I coypnr) given in 3GPP TS 36.213 Table 7.2.2-1A for frequency
division duplex (FDD) and 3GPP TS 36.213 Table 7.2.2-1C for time division duplex
(TDD). The periodicity M g;and relative offset N gppser g for RI reporting are de-
termined based on the parameter ri-Configlndex (I z;) given in 3GPP TS 36.213 Table
7.2.2-1B. Both cqi-pmi-Configindex and ri-Configlndex are configured by higher layer
signaling. The relative reporting offset for Rl N orrserrrtakes values from the set
{0,-1,...,-(N,4-1) }. I a UE is configured to report for more than one CSI subframe set,
then parameter cqi-pmi-Configindex and ri-ConfigIndex respectively correspond to the
CQI/PMI and RI periodicity and relative reporting offset for subframe set 1 and cgi-
pmi-Configindex2 and ri-Configindex?2 respectively correspond to the CQI/PMI and RI
periodicity and relative reporting offset for subframe set 2.

As an example, the wideband CQI/PMI reporting timing is defined as follows based
on configured timing parameters. Similar definitions are defined in 36.213 for other
report types. In the case where wideband CQI/PMI reporting is configured: the
reporting instances for wideband CQI/PMI are subframes satisfying:

MathFigure 3
[Math.3]

(10Xns+ | ng2 | -Noppspr.co)mod(N,)=0

In case RI reporting is configured, the reporting interval of the RI reporting is an
integer multiple M g;of period N, (in subframes). The reporting instances for RI are

subframes satisfying

(10X Ht | nd2 J ‘NOFFSET,CQJ'NOFFSET,M)mOd(di " Mpp=0

To support CoOMP transmissions, embodiments of the present disclosure set up
feedback corresponding to more than one CSI-RS configurations (resources, CSI
processes, or TPs) and define new feedback modes for this purpose. As used herein, a
CSI configuration means a (CSI-RS resource, IMR resource) pair. However, with a

single IMR resource, a CSI configuration may be simply replaced by the CSI-RS
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[175] In one embodiment, independent periodic PUCCH for multiple CSI configurations is
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provided. In this embodiment, the periodic feedback mode parameters are set up inde-
pendently for two or more CSI configurations. This embodiment is suitable, for
example, when no inter-CSI-RS feedback is needed. Inter-CSI-RS resource feedback
refers to feedback that relies on measurement of more than one CSI-RS resource. Ad-
ditional examples of inter-CSI-RS resource feedback are described below.

When two or more periodic reports are configured, the timing parameters chosen
may result in a collision of certain reports. Such a collision may be avoidable
sometimes by the appropriate choice of parameters by the scheduler, but may not
always be avoidable due to scheduling flexibility issues. Embodiments of the present
disclosure provide different ways to handle such a collision. The methods and em-
bodiments described below can also apply to UEs configured with multiple component
carriers when two or more periodic CSIs reporting for the multiple component carriers
are scheduled in a same subframe.

In certain embodiments, only one of the reports may be sent and remaining reports
may be dropped (i.e., not transmitted). In this situation, dropping rules are defined,
which are clear to both the UE and the eNB. In certain embodiments, in case of
collision between two PUCCH reports for different CSI-RS resources, the UE may
drop the feedback based on report type. In certain embodiments, the report to be
transmitted is selected based on the report type. For example, an RI report can be
considered more useful than other CQI/PMI reports, and a wideband CQI/PMI report
can be prioritized over a subband CQI/PMI report. In such a case, a priority order is
defined for each report. As an example, reporting types 3, 5, or 6 can have higher
priority over reporting types 1, la, 2, 2a, 2b, 2¢, or 4. So, if a report type for a first
CSI-RS resource is type 3 and report type for a second CSI-RS resource is type 1, then
the report corresponding to the first CSI-RS resource is prioritized to be sent.

In certain embodiments, in case of collision between two PUCCH reports for
different CSI-RS resources, the UE can drop the feedback based on CSI-RS
transmission. As discussed above, each CSI-RS resource has a unique subframe con-
figuration parameterized by a periodicity and timing offset when the corresponding
CSI-RS are sent. In one method, the reports corresponding to different CSI-RS
resources are prioritized based on the timing relationship with past CSI-RS trans-
missions of the corresponding resources. In another method, the report corresponding
to the CSI-RS resource with the most recent CSI-RS transmission is prioritized, since
the corresponding CSI is more useful (considering time variation of CSI).

In certain embodiments, in case of collision between two PUCCH reports for
different CSI-RS resources, the UE can drop the feedback based on the CSI-RS
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resource with best performance. In one method, the report corresponding to the CSI-
RS resource is prioritized based on the performance attributed to the CSI-RS resource.
In one method, the prioritization can be based on CQI (wideband or subband). Since
the network may not be aware of the current CQI, in one method, an index of the
chosen CSI-RS resource is reported. In another method, to avoid additional reporting,
the prioritization can be based on the most recently reported wideband CQI of each
report. In another method, other feedback parameter also can be used like RI as a per-
formance metric. In another method, the choice of the CSI-RS for reporting can be
based on the corresponding RSRP or RSRQ if an RSRP type metric can be associated
with a CSI-RS configuration. Such RSRP may be separately reported by the UE and
known to eNB.

In certain embodiment, in case of collision between two PUCCH reports for different
CSI-RS resources, the UE drops the feedback based on the CSI-RS resource index. In
one method, the prioritization of a report corresponding to a CSI-RS resource can be
simply based on the CSI-RS resource index. Multiple CSI-RS resources are configured
by RRC (higher layer) signaling, thereby implicitly associating an index (from the
signaled order) to each of the CSI-RS resources. This allows the network to prioritize a
CSI-RS resource by network configuration. Such prioritization/indexing can be
affected by the scheduling aspects and/or signal strength measured by the network for
the corresponding CSI-RS resource.

In certain embodiments, in case of collision between two PUCCH reports for
different CSI-RS resources, the UE drops the feedback based on reporting mode pa-
rameters. In one method, the prioritization of the reports is based on the feedback mode
setup parameters like periodicity and offset (Npd, Noffset).

In certain embodiments, when the multiple CSI reports corresponding to two or more
CSI-RSs collide, all the CSI reports are multiplexed and sent together. Different ap-
proaches can be used for multiplexing. For example, the reports can be multiplexed
based on PUCCH Format 3. Though the individual reports are transmitted based on
different PUCCH formats, in the event of collision, multiple reports are multiplexed
into a single report using the higher capacity PUCCH channel format 3, which can
support less than or equal to 22 bits. In one method, when more than three reports
collide, two of the reports are multiplexed and the rest of the reports are dropped. The
prioritization for selecting the multiplexed reports and the dropped reports can follow
one or more dropping rules discussed previously. In another method, the number of
reports multiplexed is such that they can be supported by the format size of the
PUCCH format 3. For example, three RI reports (<3 bits each) can be accommodated
in a single PUCCH Format 3 report. In one method, whether to multiplex using

PUCCH Format 3 or drop the reports (except one) is based on the link quality of the
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UE. In one method, whether to multiplex using PUCCH Format 3 or drop the reports
(except one) can be configured by higher layers.

In other examples, whether the reports are to be multiplexed can be conditioned on
the physical uplink shared channel (PUSCH). The network can control the behavior in
the event of collision. In one method, a PUSCH resource can be scheduled for the UE
for transmission on uplink control information (UCI) (or CSI) in that sub-frame. If a
UL grant for such a PUSCH resource is detected, the UE transmits the multiplexed
report on the PUSCH (which has a larger capacity than PUCCH). If no grant for
PUSCH resource is detected, the UE simply drops one or more reports, for example,
according to the dropping rules described above. More generally, the multiplexing/
dropping behavior can be based on the configuration and the size of the PUSCH
resource (e.g., two or three reports may be multiplexed based on the PUSCH resource
size and/or configuration).

The network also can semi-statically configure PUSCH resources, since the network
is aware of the collision instances. In such examples, if a PUSCH resource is
configured in a sub-frame with collision event, multiplexing of reports may be used.
Otherwise, CSI dropping can be used, for example, according to the dropping rules
described above. If the UL grant for such a configured PUSCH resource has non-zero
value for a CSI request field, then a periodic CSI report as configured by CSI request is
transmitted and periodic CSI is dropped. If the UL grant for such a configured PUSCH
resource has zero value for CSI request field, and in the event of collision of two or
more CSI reports, then the periodic CSI report is sent by multiplexing the CSI reports
as described above. In one method, even if simultaneous transmission of PUCCH and
PUSCH is configured, in case of collision of periodic CSI reports, both the CSI and
data are multiplexed on PUSCH.

In some cases, other control information on the uplink, such as ACK/NACK
feedback, can collide with CSI. In this case, the dropping and multiplexing rules can be
further modified by such an event. In one method, if the UE is configured with si-
multaneous PUCCH/PUSCH transmission, in the event of collision of periodic
PUCCH CSI reports, the CSI is transmitted on a scheduled PUSCH resource and
ACK/NACK is transmitted on the PUCCH resource configured for ACK/NACK (e.g.,
PUCCH format 1a/1b/3). If the UE is not configured for simultaneous PUCCH/
PUSCH transmission and in the event of collision of periodic PUCCH CSI reports, the
CSI and ACK/NACK are transmitted on a scheduled PUSCH.

In other examples, whether the reports are to be multiplexed is based on semi-
statically configured PUCCH Format 3. In one method, a network semi-statically
configures a PUCCH Format 3 resource, since the network is aware of the collision

instances. If such a configured PUCCH Format 3 resource is available, a UE mul-
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tiplexes the CSI in the configured PUCCH Format 3 or drops CSlIs according to the
dropping rules described above.

In some cases, other control information on the uplink like ACK/NACK feedback
may collide with CSI. In this case, the dropping and multiplexing rules can be further
modified by such an event. In one method, if an ACK/NACK (or SR) collides with
CSI, one or more of the CSI can be multiplexed with the ACK/NACK using PUCCH
Format 3 configured for ACK/NACK. In another method, if an ACK/NACK (or SR)
collides with CSI, one or more of the CSI can be multiplexed with the ACK/NACK
using PUCCH Format 3 configured for CSI. This behavior can be dependent upon the
higher-layer configured value of simultaneousAckNackAndCQI. For example, ACK/
NACK and CSI can be multiplexed if simultaneousAckNackAndCQI == TRUE, while
only ACK/NACK is transmitted on the PUCCH Format 3 configured for ACK/NACK
with dropping CQI if simultaneousAckNackAndCQI = FALSE. In another method, if
the UE is configured with simultaneous PUCCH/PUSCH transmission, in the event of
collision of periodic PUCCH CSI reports in a subframe in which a PUSCH is
scheduled, the CSI is transmitted on a scheduled PUSCH resource and ACK/NACK is
transmitted on the PUCCH resource configured for ACK/NACK. If the UE is not
configured with simultaneous PUCCH/PUSCH transmission, in the event of collision
of periodic PUCCH CSI reports in a subframe in which a PUSCH is scheduled, the
CSI and ACK/NACK are transmitted on a scheduled PUSCH resource.

The term "CSI configuration” is used to refer to at least the corresponding CSI-RS
resource and the IMR resource. It may also include other parameters like the non-zero
power CSI-RS resources that can be used for interference part. A CSI report on the
other hand is a feedback report that is sent in an uplink subframe with an associated
CSI configuration and a serving cell and belongs to one of the report types and
includes feedback elements like PMI/CQI/RI. In this context, it also corresponds to the
report that is colliding at a given subframe.

If two CSI reports corresponding to the same serving cell and the same CSI con-
figuration collide, a single CSI report is selected based on the type, using the following
method that is defined in 36.213 for collisions for the same serving cell. That is, in
case of collision of a CSI report with PUCCH reporting type 3, 5, or 6 of one serving
cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same
serving cell the latter CSI report with PUCCH reporting type (1, la, 2, 2a, 2b, 2¢c, or 4)
has lower priority and is dropped. An assumption is made that such a first step is
applied and the collision rules described in this disclosure apply to resolving collision
of the CSI reports, each of which has a unique (serving cell, CSI configuration pair). In
the embodiments below, "CSI configuration" and "CSI report" can be used inter-

changeably when convenient, since at a given collision instance, there is a one to one
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mapping between the two with the above understanding of a first step resolution.

Embodiments of the present disclosure include that the CSI parameters (e.g., PMI/
RI/CQI) corresponding to colliding CSI reports of multiple CSI configurations can be
compressed, for example, to reduce the overhead. In one embodiment, such com-
pression as further described below can only be applied if the report types of the
colliding CSI reports are the same. In certain embodiments, two colliding CSI reports
are compressed to less than 11 bits. Compression can be done by different approaches
as follow: in one approach, the corresponding parameters are jointly or differentially
encoded with each other; in another approach, the one or more parameters are aligned
between CSI reports; or in another approach, the rank and/or PMI may be required to
be the same between CSI reports.

In one case where rank is required to be the same, it can be determined by the UE
based on: the rank corresponding to the CSI-RS report with highest measured CQI, the
rank corresponding to the CSI-RS report with lowest (or highest) measured rank, or the
restricted rank that can be explicitly configured by the network for CSI reporting to be
applied in case of collisions of two periodic reports.

In certain embodiments, a PMI is required to be the same if the two CSI config-
urations of the colliding CSI reports have the same associated CSI-RS resources (with
different IMR resource configuration). The PMI can be required to be reported based
on: the PMI of the CSI-RS report with highest (or lowest) measured CQI, the PMI of
the CSI-RS report with highest (or lowest) measured rank, the CSI-RS configuration
index or prioritization that is explicitly configured by the network for CSI reporting to
be applied in case of collisions of two periodic reports, and the associated IMR
resource index or prioritization that is explicitly configured by the network for CSI
reporting to be applied in case of collisions of two periodic reports.

In certain embodiments, in case of collision of multiple periodic CSI reports, if the
feedback mode corresponding to the different CSI reports is the same, compression is
applied. Otherwise, if the feedback mode is different dropping or multiplexing, with no
compression, is applied.

In certain embodiments, a different handling rule is applied based on the CSI con-
figuration corresponding to the CSI reports. In certain embodiments, the following rule
is employed: if the CSI configurations have the same CSI-RS resource, but different
IMR resources, then the PMI is aligned and rank is reported individually; if the CSI
configurations have the same IMR resource, but different CSI-RS resources, then the
rank is aligned, but PMI is reported individually; and if the CSI configurations has
neither the same IMR resource nor the same CSI-RS resource, then both the rank and
PMI are individually reported (i.e., no compression).

In certain embodiments, interference measurement for a CSI configuration is based
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on both an IMR resource and one or more non-zero power CSI-RS resources. In such
case, the above rule is rewritten as follows: if the CSI configurations have the same
CSI-RS resource, but different interference measurement configurations, then the PMI
is aligned and rank is reported individually; if the CSI configurations have the same in-
terference measurement configuration, but different CSI-RS resources, then the rank is
aligned, but PMI is not aligned; and if the CSI configurations have neither the same in-
terference measurement configuration nor the same CSI-RS resource, then both the
rank and PMI are individually reported -- i.e., no compression where an interference
measurement configuration is used to refer to at least an IMR resource (and optional
non-zero power resource configured for interference measurement).

In certain embodiments, in each of the above rules, the third condition is modified to:
if the CSI configurations have neither the same interference measurement con-
figuration nor the same CSI-RS resource, then only one (or a subset if there are more
than two colliding reports) of the CSI reports is fed back and others are dropped.

Embodiments of the present disclosure consider the cases where colliding CSI
reports correspond to more than one cell (carrier) and at least one cell has multiple CSI
reports, each corresponding to a CSI configuration, which could happen if a UE can be
configured with multiple periodic feedbacks corresponding to different carriers as well
as different CSI-RS configurations. The collision of reports in carrier aggregation (CA)
and CoMP could be such a case.

TABLE 3 below illustrates an example with collision of three CSI reports.

Table 3

[Table 3]
Periodic CSI Configuration |Cell Type/Index (Carrier  |CSI configuration(CSI-RS
Type/Index) resource and an IMR
resource)
1 Primary cell CSI configuration 1
2 Primary cell CSI configuration 2
3 Secondary cell 1 CSI configuration 1

It is noted that in the embodiments below, "CSI configuration" and "CSI report" are
used interchangeably, since at a given collision instance, there is a one to one mapping
between the two.

The collision resolution rules for the types of carrier aggregation without CoMP, and
CoMP without carrier aggregation are defined as subrules that can be reused for the
collision of CSI reports in CA and CoMP.

Firstly, the rules for CA without CoMP type have been defined to resolve collision



26

WO 2014/007599 PCT/KR2013/006069

[203]

[204]

[205]

[206]

[207]

[208]

when there are multiple reports each corresponding to different cell. Only a single CSI
configuration is configured per cell. Considering CoMP was not introduced, the
section 7.2.2 of Release-10 LTE describes the rules for the CA without CoMP type as
follows. If the UE is configured with more than one serving cell, the UE transmits a
CSI report of only one serving cell in any given subframe. For a given subframe, in
case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of one
serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2¢c, or 4 of
another serving cell, the latter CSI with PUCCH reporting type (1, 1a, 2, 2b, 2¢c, or 4)
has lower priority and is dropped. For a given subframe, in case of collision of CSI
report with PUCCH reporting type 2, 2b, 2c¢, or 4 of one serving cell with CSI report
with PUCCH reporting type 1 or la of another serving cell, the latter CSI report with
PUCCH reporting type 1, or 1a has lower priority and is dropped.

Secondly, the rules for this CoMP without CA are defined to resolve collision when
there are multiple reports each corresponding to a different CSI configuration, all on
single serving cell. Similarly, when we refer to rules for resolving CoMP without CA,
we refer to new rules that are defined in a future release that apply in such a case; some
example extensions are considered in the above embodiments.

In one approach, various embodiments prioritize CA to resolve collision of CSI
reports. In certain embodiments, the CSI report of a single CSI configuration is
selected from each cell. The selection of such single configuration is by using one of
the dropping rules for multiple CSI configurations on a single cell described above for
the type of CoMP without CA. In the next step, the selected CSI reports from each of
the cells are dropped or multiplexed following the rules as used for CA without CoMP.

In certain embodiments, the CSI reports of the CSI configurations from each cell are
compressed to fit in a PUCCH Format 2a or 2b. In the next step, the selected CSI
reports from each of the cells are dropped or multiplexed following the rules as used
for CA without CoMP.

In certain embodiments, the CSI reports of the CSI configurations from each cell are
compressed to fit in a PUCCH Format 2a or 2b (i.e., the number of CSI bits in the CSI
reports from each cell is less than or equal to 11). In the next step, the selected CSI
reports from each of the cells are dropped or multiplexed so that the final resulting CSI
for the CA + CoMP has less than or equal to 22 bits to fit in a PUCCH format 3.

In certain embodiments, the CSI reports of the CSI configurations from each cell are
multiplexed to fit in a PUCCH format 3. In the next step, the selected CSI reports from
each of the cells dropped or multiplexed following the rules as used for CA without
CoMP.

In certain embodiments, the CSI reports of the CSI configurations from each cell are

multiplexed to fit in a PUSCH configuration. In the next step, the selected CSI reports
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from each of the cells dropped or multiplexed following similar rule as used for carrier
aggregation without CoMP.

In another approach, various embodiments prioritize CoMP to resolve collision of
CSI reports. In certain embodiments, a single cell is selected by prioritizing based on
the cell index in a first step. In a second step, the collision handling of the multiple CSI
reports of a single cell is done by applying similar rules to that of carrier aggregation
without CoMP.

In another approach, the UE behavior is unspecified if such a collision happens - that
is, it is left to UE implementation. In certain embodiments, in case of such collision a
default UE behavior is specified. Examples of such default behavior include feeding
back the CSI report corresponding to the lowest cell index and the lowest CSI con-
figuration index (or lowest CSI-RS or IMR index). Another default behavior is to not
report anything.

In another approach, in case of such collision, a PUSCH report is sent by the UE
including all the reports. This behavior could be configurable by the network.

In another approach, various embodiments use different PUCCH formats to resolve
collision of CSI reports. Let us consider that a UE is configured with carrier ag-
gregation (i.e., multiple cells/carriers).

In case of collision of multiple CSI reports that are all from a single cell, PUCCH
format 3 is used to multiplex multiple CSI reports of the single cells. If the payload is
beyond the capacity of Format 3 or if the number of reports is greater than certain
number (e.g., 2), some reports can be dropped following the previously described
dropping rules.

In case of collision of multiple CSI reports corresponding to multiple cells, with
more than two CSI-RS reports corresponding to multiple CSI configurations for at
least one cell (CA + CoMP case), then in a first step the one or more reports corre-
sponding to each cell are either compressed or multiplexed or down-selected to a
PUCCH format 2a/2b report size. In the next step, the dropping/multiplexing rules cor-
responding to carrier aggregation without CoMP are then used.

In the event that a UE is configured with carrier aggregation (i.e., multiple cells/
carriers), the rule is defined for collision handling as follows: In case of collision of
multiple CSI reports that are all from a single cell, then PUSCH is used to multiplex
multiple CSI reports of the primary cell; the other reports could be completely dropped
or down-selected/multiplexed to be sent on PUCCH 2a/2b or 3.

In another approach, the collision handling could be different depending on the
primary cell CSI reports in the collision.

In certain embodiments, if the primary cell has a single CSI report, then carrier ag-

gregation is prioritized over CoMP and one of the corresponding embodiments for pri-
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oritizing CA over CoMP described earlier are used. If primary cell has more than one
CSI report, then the CoMP is prioritized over carrier aggregation and one of the corre-
sponding embodiments for prioritizing CoMP over CA described earlier is used. If
there is no primary cell report, then a default rule may be used, e.g., only a single CSI
report is selected by dropping all the other reports or not to report anything.

In another approach, the three or more CSI reports are first down selected to one or
more CSI reports based on the type of the report. In the next step, if only a single
report remains, then that report is sent; if two reports remain, then either the CoMP
without CA or the CA without CoOMP collision handling rules are applied; and if more
than two reports remain, then either the behavior is left unspecified or a default
behavior is specified or one or more of the collision handling rules described above can
be used or a type (of the remaining CSI reports) dependent behavior is specified.
Default behaviors could be to feedback nothing or feedback a single report dropping
others or feedback the CSI report of the lowest cell index and the lowest CSI con-
figuration index dropping others.

In certain embodiments, a first RRC configuration is used to define the collision
resolution behavior that applies in the case of CA without CoMP, i.e., when CSI
reports corresponding to multiple cells collide, but with only a single CSI report per
cell. A second RRC configuration is used to define the collision resolution behavior in
case of CoMP without CA collision, i.e., when CSI reports corresponding to multiple
CSI configurations of a single cell. A third RRC configuration is used for the collision
resolution behavior of COMP and CA collision. An RRC configuration is one or more
configurable parameters that could represent, for example, whether dropping or mul-
tiplexing or compression schemes are used. As another example, the configurable pa-
rameters could include thresholds that are used for switching between different
behaviors. Such thresholds could be, for example, i) the number of colliding reports, ii)
the number of bits in each of the colliding reports, iii) the total number of bits in the
colliding reports. As another example, the configurable parameters could refer to the
whether certain uplink formats are used, which could include: 1) PUCCH Format
2/2a/2b, i1) PUCCH Format 3, and/or iii) PUSCH.

In certain embodiments, a UE derives the collision rules for the case of CoMP and
CA collision, i.e., collision of multiple CSI reports corresponding to multiple cells,
with more than two CSI reports corresponding to multiple CSI configurations for at
least one cell, based on the first and the second RRC configurations.

In certain embodiments, a UE derives the collision rules for the case of CoMP and
CA collision based on the first RRC configuration only. In one example, the first RRC
configuration parameters regarding the case of CA without CoMP indicates either the

dropping scheme as in Rel-10 specification or a multiplexing/compression scheme
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(some examples can be found in embodiments of dropping some reports, multiplexing
the reports, and compressing the reports as described above) should apply.

For resolving the collision of CoMP and CA, the UE behavior changes depending
upon whether the first RRC configuration parameters indicate the dropping or the mul-
tiplexing/compression scheme: When dropping is configured, the UE would transmit
only one cell's CSI report after compressing/multiplexing/ dropping the CoMP CSI
reports in each of the configured cells according to the pre-defined embodiment (some
examples can be found in embodiments of dropping some reports, multiplexing the
reports, and compressing the reports as described above), where the only one cell's CSI
report is conveyed in PUCCH format 2/2a/2b, for example. Here, the UE behavior of
transmitting only one cell's CSI report out of the multiple cells' CSI reports can be
defined according to an embodiment in embodiment 1 or the Rel-10 UE behavior when
multiple CSI reports for multiple cells collide in a subframe, for example; When the
multiplexing/compression is configured, the UE would compress/multiplex multiple
cells' CSI reports to carry in either PUCCH format 3 or PUSCH according to a pre-
defined embodiment (some examples can be found in embodiments of multiplexing the
reports and compressing the reports as described above) after compressing/mul-
tiplexing/ dropping the CoMP CSI reports in each of the configured cells according to
a pre-defined embodiment (some examples can be found in embodiments of dropping
some reports, multiplexing the reports, and compressing the reports as described
above).

In certain embodiments, a UE derives the collision rules for the case of CoMP and
CA collision based on the third RRC configuration only.

In certain embodiments, a UE uses one or more of the first, the second and the third
RRC configurations in deriving collision rules for CoMP and CA collision.

Embodiments of the present disclosure include joint configuration of multiple
periodic reports. In various embodiments, in the presence of some reports that carry
inter-CSI-RS resource feedback, setup of a single PUCCH feedback mode is preferred.
Some examples of such inter-CSI-RS resource feedback may include a single RI
feedback. For example, the network can require a single RI report for two or more
CSI-RS resources that feedback is requested for. Such alignment of rank enables a
network to perform joint transmission based on per-CSI-RS resource feedback.

Another example of such inter-CSI-RS resource feedback may include aggregate
CQI feedback. Aggregate CQI is the CQI assuming joint transmission from one or
more transmission points. Another example of such inter-CSI-RS resource feedback
includes aggregate PMI. Aggregate PMI is the PMI assuming joint transmission from
one or more transmission points. Another example of such inter-CSI-RS resource

feedback includes inter-TP phase feedback. The phase feedback corresponding to
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phase alignment between two CSI-RS resources for joint transmission.

In certain embodiments, feedback modes are defined for two or more CSI-RS

resource joint feedback configuration according to TABLE 4 below.

Table 4
[Table 4]
(PMI Feedback Type, CoMP Feedback Type)
No PMI, One |Single PMI, |No PMI, Single PMI,
CSI-RS One CSI-RS |[Two CSI-RS [Two CSI-RS
Resource Resource Resource resource
PUCCH CQI |Wideband(wi |Mode 1-0 Mode 1-1 Mode 1-4 Mode 1-5
Feedback deband CQI)
Type UE Mode2-0  |Mode2-1 |Mode2-4  |[Mode 2-5
Selected(sub
band CQI)

FIGURE 7 illustrates feedback reporting corresponding to multiple CSI-RS
resources, which may be multiplexed in time in accordance with an exemplary em-
bodiment. In this illustrative embodiment, independent reports are multiplexed (i.e., an
independent report type (e.g., wideband CQI associated with each CSI-RS resource) is
configured with a single set of periodicity/offset parameters across all CSI-RS
resources). New report types, like aggregate CQI, are transmitted with the corre-
spondingly-defined timing parameters (e.g., Nd,egregatecqr, NOTIS€tggreqatecar)-

FIGURE 8 illustrates feedback reporting for multiple CSI-RS resources, which can
be configured together for certain report types in accordance with an exemplary em-
bodiment. In certain embodiments, reports for multiple CSI-RS resources are
configured together for certain report types, such as wideband/subband CQI or
wideband/subband PMI. Further, the CQIs can be jointly encoded with differential
encoding. In such a case, PUCCH Format 3 can be used for transmission of such new
report type. The inter-CSI-RS resources CQIs, such as an aggregate CQI, are
configured separately with their timing parameters (e.g., Ndaggregatecar, NOITS€tggregatecar)-
In certain embodiments, one or more of the report types (e.g., aggregate CQI, inter-TP
phase) are made configurable within a single mode. Such configuration can be
indicated by RRC configuration as a submode parameter for that mode.

FIGURES 9A and 9B illustrate examples of a single periodic PUCCH configured
with UE autonomous TP switching in accordance with illustrative embodiments of the
present disclosure. The embodiments shown in FIGURES 9A and 9B are for il-

lustration only. Other embodiments could be used without departing from the scope of
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the present disclosure.

In certain of these embodiments, the UE transmits the CSI corresponding to a single
CSI-RS resource only. The UE can choose a respective CSI to transmit based on per-
formance (e.g., CQI or RSRP). The UE measures the CSI of individual CSI-RS
resources and switches between the reporting types based on the best CQI or RSRP. A
CSI-RS Resource indicator (CRI) can be sent separately to indicate switching.
FIGURE 9A illustrates an example embodiment where the RI and CRI are separately
signaled. FIGURE 9B illustrates another example embodiment where the RI and CRI
are jointly encoded.

Various embodiments of the present disclosure provide indications of CQI reference
resource and interference measurement resource. A CSI reference resource is the
resource that UE's feedback should correspond to. The UE implementation is not
precluded from averaging over "similar" subframes. Interference measurement in
Release-10 relies on CRS that are available in every subframe. Hence, no reference to
interference measurement is made in previous CSI reference resource definitions.
3GPP 36.213 section 7.2.3 provides a definition of the CSI reference resource.

In certain embodiments, the network explicitly indicates the IM resource for periodic
CSI configuration. The IM resource (CSI-IM resource) index(s) and CSI-RS resource
index(s) are associated with each PUCCH feedback mode configuration and may be
explicitly indicated with RRC configuration for one or more periodic CSI con-
figuration (or CSI processes) as illustrated in TABLE 5 below. As a result, the CSI
reference resource definition can be modified to incorporate IM resource for periodic
CSI reporting.

Table 5
[Table 5]

Periodic CSI Configuration |[CSI-RS Resource Index IMR Index

Configuration X Y

In certain embodiments, the reference subframe is defined without reference to the
interference measurement. Interference is based on measurements on the subframes
with configured IMR resource(s). It is assumed that UE performs interpolation/ex-
trapolation of interference if the reference subframe does not include corresponding
IMR resource(s).

FIGURES 10A and 10B illustrate examples of a reference subframe with con-
figuration of IMR and CSI subframe subsets in accordance with various embodiments
of the present disclosure. The embodiments shown in FIGURES 10A and 10B are for
illustration only. Other embodiments could be used without departing from the scope

of the present disclosure.
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In the embodiments shown in FIGURES 10A and 10B, the downlink transmissions
to the UE have at least two different subsets, such as with enhanced Intercell In-
terference Coordination (elCIC), or other transmission modes (e.g., transmission mode
10). For such subframe subsets, the interference measurement is on the corresponding
subframe subset as configured for that CSI request (i.e., the interference measurement
is an element of the CSI subframe set linked to the periodic CSI report when that UE is
configured with CSI subframe sets). In other words, the configured CSI-IM resource
within the subframe subset belonging to the CSI reference resource is used to derive
the interference measurement.

For example, as illustrated in FIGURE 10A, two different types of subframe subsets
1005 and 1010 are present within the downlink subframes 1000 transmitted to the UE.
Within each of the subframe subsets, the network configures IM resources 1015 and
1020 within the respective subframe subsets 1005 and 1010. For feedback reporting in
the UCI transmission 1025, the UE uses the subframe subset belonging to the CSI
reference resource to derive the interference measurement. As illustrated, for the CSI
reference resource (i.e., N r) being in subframe subset 1005 (i.e., in subframe
1005a), the UE uses the IM resource 1015 in the subframe 1005a (which is part of
subframe subset 1005) to derive the interference measurement. For example, the UE
measures interference using the IM resource 1015 to calculate a CQI value or values
that are then reported as feedback in the UCI transmission 1025. Even though the IM
resource 1020 in subframe 1010d may be closer in time or frequency to the UCI
transmission 1025, the UE still uses the configured IM resource within the subframe
subset belonging to the CSI reference resource to derive the interference measurement.

In another example, as illustrated in FIGURE 10B, two different types of subframe
subsets 1055 and 1060 are present within the downlink subframes 1050 transmitted to
the UE. Within each of the subframe subsets, the network configures IM resources
1065 and 1070 within the respective subframe subsets 1055 and 1060. For feedback
reporting in the UCI transmission 1075, the UE uses the subframe subset belonging to
the CSI reference resource to derive the interference measurement. As illustrated, for
the CSI reference resource (i.e., Ncqr ) being in subframe subset 1055 (i.e., in
subframe 955b), the UE uses the IM resource 1065 in the subframe 1055a (which is
part of subframe subset 1055) to derive the interference measurement. For example,
the UE measures interference using the IM resource 1065 to calculate a CQI value or
values which are then reported as feedback in the UCI transmission 1075. Even though
the IM resource 1070 in subframe 1060c may be closer in time or frequency to the UCI
transmission 1075, the UE still uses the configured IM resource within the subframe
subset belonging to the CSI reference resource to derive the interference measurement.

Additionally, because the processing of the interference measurement (e.g., receiving
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the IM resource symbol, measuring interference, calculating a corresponding CQI
value or values, etc.) may take time, the UE may actually pass up some configured IM
resource that occurs closer in time to the UCI transmission 1025 or 1075 in order to
insure accurate and timely reporting of the feedback associated with the interference
measurement. The downlink and uplink transmissions illustrated in FIGURES 10A and
10B may be implemented in a TDD or FDD system.

In certain embodiments, with the IM resource configuration, the reference subframe
is based on the intersection of the IM resource and the CSI subframe subset. This can
be achieved by further modifying the definition of a valid downlink subframe. For
example, in the time domain, the CSI reference resource can be defined by a single
downlink subframe n-ncq; .r, where, for periodic CSI reporting, neqr ¢ 1s the smallest
value greater than or equal to 4, such that it corresponds to a valid downlink subframe.
Additionally, a downlink subframe in a serving cell shall be considered to be valid if:
the downlink subframe is configured as a downlink subframe for that UE; except for
transmission mode 9, the downlink subframe is not an MBSFN subframe; the
downlink subframe does not contain a DwPTS field in case the length of DwWPTS is

and less; the downlink subframe does not fall within a configured
7680 * T e

measurement gap for that UE; and for periodic CSI reporting, it is an element of the
CSI subframe set linked to the periodic CSI report when that UE is configured with
CSI subframe sets and an element of a subframe set of the interference measurement
resource linked to the periodic CSI report if the UE is configured with interference
measurement resources.

With PUSCH based aperiodic feedback modes, higher UCI overhead can be
supported than PUCCH based periodic feedback modes, whose capacity is limited by
that supported by Format 3 (22 bits). This is suited for transmission of UCI corre-
sponding to multiple CSI-RS resources in CoMP. Aperiodic feedback modes are
captured provided in 3GPP TS 36.213. If no inter-CSI-RS resource feedback is
supported, then no new modes need to be defined for aperiodic CSI. DCI Format O (or
4) supports a "CSI request field", which indicates whether aperiodic CSI is turned on
and on which cells (e.g., carriers) CSI is to be reported as shown in Table 7.2.1-1A of
3GPP TS 36.213.

Similarly, a CSI request may be needed to indicate the set of CSI-RS resources for
CoMP. In one exemplary embodiment, an independent CSI request field is defined for
CoMP according to TABLE 6 below.

Table 6
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[Table 6]

Value of CSI request field Description

'00' No aperiodic CSI report is triggered

or' Aperiodic CSI report is triggered for CSI-
RS resource 1 (or any configured fixed
CSI-RS resource or CSI configuration)

'10' Aperiodic CSI report is triggered for a Ist
set of CSI-RS resources (or CSI config-
urations) configured by higher layers

11 Aperiodic CSI report is triggered for a 2nd

[246]

[247]

set of CSI-RS resources (or CSI config-

urations) configured by higher layers

In certain embodiments, a jointly encoded CSI request field may be used. An

example with 2-bit encoding is illustrated in TABLE 7 below. In this example, CoMP

is only supported on the serving cell. The serving cell may be replaced by any fixed

cell on which CoMP is configured.
Table 7
[Table 7]

Value of CSI request field

Description

IOOI

No aperiodic CSI report is triggered

lOll

Aperiodic CSI report is triggered for
serving cell and 1st set of CSI-RS
resources (or CSI configurations)
configured by higher layers on serving cell

C

llOl

Aperiodic CSI report is triggered for
serving cell ¢ and 2nd set of CSI-RS
resources (or CSI configurations)
configured by higher layers on serving cell

C

llll

Aperiodic CSI report is triggered for a Ist
set of serving cells configured by higher
layers (based on a single CSI-RS resource
per each cell that is configured by higher
layers)
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The set of feedback modes in Table 7.2.1-1A of 3GPP TS 36.213 can be reused, and
if more than one CSI-RS resources are configured, the UE aggregates the per-CSI-RS

feedback corresponding to the modes configured on each CSI-RS resource. For

example, if mode 1-2 is configured on CSI-RS resource 1 and mode 2-2 on CSI-RS

resource 2, the UE aggregates corresponding CSI.

In certain embodiments, some inter-CSI-RS feedback may be supported. Examples
of inter-CSI-RS feedback include: aligned RI feedback, aggregate CQI feedback,
aggregate PMI, and inter-TP phase feedback.

In one exemplary embodiment, the aperiodic modes are defined for CoMP with two

CSI-RS resources when one or more inter-CSI-RS resource feedback modes are

supported as illustrated in TABLE 8 below.

Table &

[Table 8]
(PMI Feedback Type, CoOMP Feedback Type)
No Single Multiple [No Single Multiple
PMIL,Sing |PMI,Sing |PMI,Sing |PMI, Two |PMI,Two |PMI, Two
le CSI- |le CSI- |le CSI- |CSI-RS [CSI-RS |CSI-RS
RS RS RS Resource [Resource |Resource
Resource |Resource |Resource

PUSCH |Wideban Mode Mode

CQl d(wideba 1-2 1-5

Feedback |nd CQI)

Type UE Mode Mode Mode Mode
Selected( |2-0 2-2 2-3 2-5
subband
CQD
Higher [Mode Mode Mode Mode
Layer-co (3-0 3-1 3-3 3-4
nfigured(
subband
CQD

The individual mode definitions and embodiments to support inter-CSI-RS resource

feedback are further described below. The CSI configuration is defined above and can

be used interchangeably with CSI-RS resources (if they share the same interference

measurement resource configuration).

The mode 2-3 is for a UE-selected subband feedback for two CSI configurations. In
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this feedback mode, the UE selects a first set of M preferred subbands of size k (where
k and M are given in Table 7.2.1-5, 36.213 for each system bandwidth range) within
the set of subbands § for the first CSI configuration. The UE selects a second set of M
preferred subbands of size k within the set of subbands S for the second CSI con-
figuration. The UE also reports one CQI value reflecting transmission only over the
first M selected subbands determined in the previous step for the first CSI con-
figuration and another CQI value reflecting transmission only over the second M
selected subbands determined in the previous step for the second CSI configuration.
Each CQI represents channel quality for the first codeword of the corresponding CSI
configuration, even when RI>1. Additionally, the UE reports one wideband CQI value,
which is calculated assuming transmission on set S subbands for each CSI con-
figuration. The wideband CQI represents channel quality for the first codeword of the
corresponding CSI configuration, even when RI>1.

For the same rank, in one example, a single RI is reported for both CSI config-
urations. For transmission mode 3, the reported CQI values are calculated conditioned
on the reported RI. For other transmission modes, the reported CQI values are reported
conditioned on rank 1.

For wideband aggregate CQI, in one example, the UE also reports one wideband
aggregate CQI value, which is calculated assuming joint transmission on set S
subbands from the two CSI resources. In another example, the aggregate CQI is differ-
entially encoded with the per-CSI-RS wideband CQI.

For a wideband inter-CSI-RS phase, in one example, the UE reports a wideband
inter-CSI-RS resource phase feedback corresponding to the two CSI-RS resources of
the two CSI configurations.

The mode 3-3 is for higher layer configured subband feedback for two CSI config-
urations. In this feedback mode, a UE reports a wideband CQI value which is
calculated assuming transmission on set S subbands per CSI configuration. The UE
also reports one subband CQI value for each set S subband and each CSI configuration.
The subband CQI value is calculated assuming transmission only in the subband. Both
the wideband and subband CQI represent channel quality for the first codeword, even
when RI>1.

For the same rank, in one example, a single RI is reported for both CSI config-
urations. For transmission mode 3, the reported CQI values are calculated conditioned
on the reported RI. For other transmission modes, the reported CQI values are reported
conditioned on rank 1.

For wideband aggregate CQI, in one example, the UE shall also report one wideband
aggregate CQI value, which is calculated assuming joint transmission on set S

subbands from the two CSI resources. In another example, the aggregate CQI is differ-
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entially encoded with the per-CSI-RS wideband CQI.

For subband aggregate CQI, in one example, the UE shall also report one subband
aggregate CQI value for each set S subband, which is calculated assuming joint
transmission from the two CSI-RS resources. In another example, the subband
aggregate CQI is differentially encoded with the wideband aggregate CQI. The
subband differential aggregate CQI offset level is equal to the subband aggregate CQI
index minus the wideband aggregate CQI index. A mapping of subband differential
aggregate CQI value to offset level is provided in TABLE 9 below.

Table 9

[Table 9]

Subband differential CQI value Offset level
0 0

1 1

2 >2

3 <-1

The mode 3-4 is for higher layer configured subband PMI/CQI feedback for two CSI
configurations. In this feedback mode, a single precoding matrix is selected for each
CSI configuration from the codebook subset of the corresponding CSI configuration
assuming transmission on set S subbands. A UE reports one subband CQI value per
codeword for each set S subband and for each CSI configuration which is calculated
assuming the use of the single precoding matrix corresponding to the CSI con-
figuration in all subbands and assuming transmission in the corresponding subband. A
UE reports a wideband CQI value per codeword per CSI configuration, which is
calculated assuming the use of the single precoding matrix corresponding to the CSI
configuration in all subbands and transmission on set S subbands. The UE reports the
selected single precoding matrix indicator per CSI configuration except for
transmission mode 9 with 8 CSI-RS ports configured in which case a first and second
precoding matrix indicator are reported corresponding to the selected single precoding
matrix per CSI configuration.

For the same rank, in one example, a single RI is reported for both CSI config-
urations. For transmission modes 4, 8, and 9, the reported PMI and CQI values are
calculated conditioned on the reported RI. For other transmission modes, the reported
PMI and CQI values are reported conditioned on rank 1.

For wideband aggregate CQI, in one example, a UE reports a wideband aggregate
CQI value per codeword, which is calculated assuming joint transmission using the

single precoding matrix corresponding to each CSI configuration in all subbands and
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transmission on set .S subbands.

For subband aggregate CQI, in one example, a UE reports a subband aggregate CQI
value per codeword for each set S subband, which is calculated assuming joint
transmission using the single precoding matrix corresponding to each CSI con-
figuration in the corresponding subband.

For wideband Inter CSI-RS resource phase, in one example, the UE shall report a
wideband inter-CSI-RS resource phase feedback corresponding to the two CSI-RS
resources corresponding to the CSI configurations assuming joint transmission on set S
subbands.

For wideband aggregate CQI with phase feedback, in one example, a UE shall report
a wideband aggregate CQI value per codeword, which is calculated assuming joint
transmission using the single precoding matrix corresponding to each CSI con-
figuration in all subbands, using the single wideband inter-CSI-RS resource phase
feedback, and transmission on set S subbands.

For subband aggregate CQI with phase feedback, in one example, a UE shall report a
subband aggregate CQI value per codeword for each set S subband, which is calculated
assuming joint transmission using the single precoding matrix corresponding to each
CSI configuration, using the single wideband inter-CSI-RS resource phase feedback in
the corresponding subband. In another example, the subband aggregate CQI is differ-
entially encoded with the wideband aggregate CQI.

The mode 1-5 is for wideband feedback for two CSI resources. In this feedback
mode, for each subband, a preferred precoding matrix for each CSI configuration is
selected from the codebook subset of the corresponding CSI configuration assuming
transmission only in the subband. For each CSI configuration, a UE reports one
wideband CQI value per codeword, which is calculated assuming the use of the corre-
sponding selected precoding matrix in each subband and transmission on set S
subbands. For each CSI configuration, the UE reports the selected precoding matrix
indicator for each set S subband except for transmission mode 9 with 8 CSI-RS ports

configured in which case a first precoding matrix indicator . is reported for the set
1

S subbands and a second precoding matrix indicator 7 is reported for each set S
2

subband. The subband size is defined in Table 7.2.1-3 in 3GPP TS 36.213.

For the same rank, in one example, a single RI is reported for both CSI config-
urations. For transmission modes 4, 8, and 9, the reported PMI and CQI values are
calculated conditioned on the reported RI. For other transmission modes, the reported
PMI and CQI values are reported conditioned on rank 1.

For subband inter-CSI-RS phases, in one example, an inter-CSI-RS phase is reported
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per subband for assuming transmission only in the subband.

For wideband aggregate CQI with subband inter-CSI-RS phase, in one example, a
UE reports one aggregate wideband CQI value per codeword, which is calculated
assuming joint transmission and the use of the corresponding selected precoding
matrix in each subband, inter-CSI-RS phase per subband and transmission on set S
subbands.

The mode 2-5 is for UE selected subband feedback for two CSI configurations and
multiple PMI. In this feedback mode, the UE performs joint selection of the set of M
preferred subbands of size k within the set of subbands § and a preferred single
precoding matrix selected from the codebook subset that is preferred to be used for
transmission over the M selected subbands. The M preferred subbands and the as-
sociated single precoding matrix are obtained for each CSI configuration. For each CSI
configuration, the UE reports one CQI value per codeword reflecting transmission only
over the corresponding selected M preferred subbands and using the same corre-
sponding selected single precoding matrix in each of the M subbands. Except for
transmission mode 9 with 8 CSI-RS ports configured, for each CSI configuration, the
UE also reports the corresponding selected single precoding matrix indicator preferred
for the M selected subbands. For each CSI configuration, a UE also reports the corre-
sponding selected single precoding matrix indicator for all set .S subbands. For
transmission mode 9 with 8 CSI-RS ports configured, for each CSI configuration, a UE
reports a corresponding first precoding matrix indicator for all set S subbands. For each
CSI configuration, a UE also reports a corresponding second precoding matrix
indicator for all set S subbands and another corresponding second precoding matrix
indicator for the M selected subbands. For each CSI configuration, a single precoding
matrix is selected from the codebook subset of the corresponding CSI configuration
assuming transmission on set S subbands. For each CSI configuration, a UE reports an
associated wideband CQI value per codeword, which is calculated assuming the use of
the corresponding single precoding matrix in all subbands and transmission on set .S
subbands.

In one example, a single RI is reported for both CSI configurations. For transmission
modes 4, 8, and 9, the reported PMI and CQI values are calculated conditioned on the
reported RI. For other transmission modes, they are reported conditioned on rank 1.

For wideband aggregate CQI, in one example, a UE reports a wideband aggregate
CQI value per codeword, which is calculated assuming joint transmission using the
single precoding matrix corresponding to each CSI configuration in all subbands and
transmission on set .S subbands.

For wideband inter-CSI-RS resource phase, in one example, the UE reports a

wideband inter-CSI-RS resource phase feedback corresponding to the two CSI-RS
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resources corresponding to the CSI configurations assuming joint transmission on set S
subbands.

For wideband aggregate CQI with wideband phase, in one example, a UE reports a
wideband aggregate CQI value per codeword, which is calculated assuming joint
transmission using the single precoding matrix corresponding to each CSI con-
figuration in all subbands, using the wideband inter-CSI-RS resource phase feedback,
and transmission on set S subbands.

For selection of M subbands assuming joint transmission, in one example, the UE
performs joint selection assuming joint transmission from two CSI configurations of
the set of M preferred subbands of size k within the set of subbands S and a preferred
single precoding matrix selected from the codebook subset for each CSI configuration
that is preferred to be used for transmission over the M selected subbands.

For per-CSI-RS resource CQI over the selected M subbands, in one example, the UE
reports one CQI value per codeword reflecting joint transmission only over the corre-
sponding selected M preferred subbands for joint transmission and using the same cor-
responding selected single precoding matrix for each CSI configuration in each of the
M subbands from the previous step.

For inter-CSI-RS phase for selected M subbands, in one example, the UE reports a
single inter-CSI-RS resource phase feedback assuming joint transmission over the
selected M preferred subbands for joint transmission.

For aggregate CQI on selected M subbands, in one example, the UE reports one
aggregate CQI value per codeword reflecting joint transmission only over the corre-
sponding selected M preferred subbands for joint transmission and using the corre-
sponding selected single precoding matrix for each CSI configuration, and the selected
single inter-CSI-RS resource phased feedback, in each of the M subbands.

In one example, the selected single RI for both CSI configurations, as defined in the
above feedback modes, may be based on the CSI configuration with the largest
wideband CQI. In another example, the selected single RI is based on the CSI con-
figuration with the largest RI. In another example, the RI is based on one of the CSI
configurations, which can be predefined or configured by higher layers or fixed (e.g.,
configuration 1).

For aggregate CQI, the assumed IM resource for interference measurement may be
separately configured by higher layers or implicitly defined (e.g., measure all the in-
terference other than the CSI-RS resources corresponding to the two CSI config-
urations).

If both the CSI configurations correspond to the same CSI-RS resource but different
IMR resources, then some of the inter-CSI-RS resource feedback need not be

supported. There is no need to report aggregate CQI, inter-CSI-RS phase feedback, or
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single rank feedback. In one example, if there is no need to report this feedback, then
these reports may be dropped and instead replaced by other reports. For example,
multiple rank feedback can be supported or CQI of the individual CSI configurations
may be encoded differentially. However, if the CSI configurations share the same CSI
resource, it may not be preferable to use the modes defined above. More generally, in
each of the feedback modes defined, reports corresponding to more than two CSI con-
figurations can be supported. Similar definitions for the inter-CSI-RS resource
feedback may be used with simple extensions of definitions described herein.

Embodiments of the present disclosure include different types of CSI reporting to
avoid excessive computational complexity at the UE.

In LTE Release 8, a UE reports CSI corresponding to measurement on CRS and no
carrier aggregation or CoMP was supported. Therefore, a UE is not required to report
CSIs of multiple serving cells (or carriers) and/or multiple CSI configurations (i.e., a
CoMP hypothesis). Hence the timing of CSI reporting is provisioned for single CSI
transmission. Further with support of eICIC, multiple (e.g., two) sub-frame subsets can
be configured for independent CSI measurements. The number of potential CSI hy-
pothesis at the UE could be as large as 3 (i.e., the maximum number of CSI config-
urations) x 5 (i.e., the maximum number of serving cells) x 2 (i.e., max number of sub-
frame subsets) = 30. For convenience, the disclosure refers to a CSI corresponding to
the triplet (i.e., serving cell, CSI configuration, CSI sub-frame subset) as a CSI
process.

If the measurements are configured with sufficiently low periodicity and appropriate
offsets between reports, then the UE receiver complexity need not support si-
multaneous measurements of many CSI processes within short time periods. However,
the timing configuration of different CSI processes is completely flexible and there is
currently no limit on the number of them that can be simultaneously configured.

Embodiments of the present disclosure include some rules defined for different types
of CSI reporting to avoid excessive computational complexity at the UE.

In one embodiment, for aperiodic reporting, a UE is requested CSI using CSI_request
field in an uplink grant. The corresponding uplink transmission takes place after four
subframes. In an aperiodic request, a network can request feedback for arbitrary
number of CSI processes. Currently, the CSI subframe subset corresponding to an
aperiodic request is implicitly related to the subframe with UL grant. In other words,
the feedback corresponds to the subframe subset that the subframe with UL grant
belongs to. Therefore, an aperiodic request can request feedback for a maximum of
3*5*%1 =15 CSI processes.

FIGURE 11 illustrates UL grant subframes with aperiodic requests and the CSI

subframe subsets corresponding to the aperiodic requests. As illustrated, over a
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window of length 4 from n+1 to n+4, a UE has to process as many as 30 CSI
processes, assuming n and n+1 correspond to different subframe subsets. Although it is
very unlikely that a network would setup or benefit from such large amount of
feedback, various embodiments of the present disclosure design the rules for the UE
behavior to support even the worst case increase in complexity as follow. The imple-
mentation complexity and cost can be optimized if some restrictions are known for the
UE design.

For a single CSI request, in one embodiment, a UE is not expected to receive greater
than N_threshold reports as part of aperiodic CSI request. If the limit is exceeded then
the UE behavior is unspecified or defined to be implementation dependent. In another
embodiment, if number of CSI processes in an aperiodic request is greater than
N_threshold, then the UE can drop the CSI transmission. In certain embodiments, if
number of CSI processes in an aperiodic request is greater than N_threshold, then the
UE can drop some reports and send other reports. In another embodiment, if the
number of CSI processes in an aperiodic request is greater than N_threshold, then one
or more parameters related to uplink CSI transmission can be implicitly modified. In
one example, the delay to UL CSI transmission from the uplink grant can be 8
subframes, instead of 4 subframes.

For a single CSI request, certain embodiments according to the present disclosure
include that multiple successive UL CSI transmissions are configured for the CSI
report. In one example, if the number of CSI processes in an aperiodic request is
greater than a N_threshold, then multiple successive UL CSI transmissions (i.e., multi-
shot) can be setup. In another example, the UE is triggered with multiple successive
UL CSI transmissions on reading an aperiodic request with number of CSI processes is
greater than a N_threshold. In another example, additional signaling is used in
aperiodic CSI request (e.g., as part of a bit-field) to indicate multi-shot UL CSI
transmission.

As illustrated in FIGURE 11, the processing complexity at the UE is related to the
number of pending CSIs to be feedback. This is related to the most recent aperiodic
CSI requests, within a certain window as described above.

For the multiple CSI requests, in one embodiment, a threshold can be defined that is
based on the two or more aperiodic CSI requests. Further the multiplexing/dropping
rules can be defined based on the two or more aperiodic CSI requests. More generally,
the embodiment can be described as follows.

If the UE has pending requests for more than N_threshold processes at a given time,
then one or more of the following embodiments for sending CSI can apply as opposed
to sending the corresponding CSI in the UL sub-frame n+4. In certain embodiments,

the UE behavior is not specified, and the UE implementation can decide how, or if, to
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transmit UL CSI(s). In certain embodiments, the UE drops all the pending aperiodic
CSI requests. In certain embodiments, the UE drops the most recent aperiodic CSI
request; in certain embodiments, the UE drops the oldest aperiodic CSI request. In
certain embodiments, the UE drops CSI of one or more CSI processes of one or more
aperiodic requests. In certain embodiments, the UE drops all the CSI requests, except
that of serving cell. In certain embodiments, the UE drops all the CSI requests except
that of CSI process corresponding to lower CSI configuration index on each cell. In
certain embodiments, the UE uses the dropping rules proposed above for case of
periodic CSI collisions to the combined set of CSI processes.

Embodiments according to the present disclosure include that a CSI transmission can
be configured to be delayed in certain situations.

For FDD (i.e., frame structure type 1 in LTE), in one embodiment, if the number of
CSI processes in an aperiodic request is greater than N_threshold, then the UE
transmits the uplink at subframe n+k, where k is greater than 4. In another example, &
is a multiple of 4. In another example, k = 8. In one embodiment, the retransmissions
of the uplink transmission follow the same timing as before with reference to the first
uplink transmission, which is the delayed transmission. In one example, the delay k
can be configurable by higher layer signaling. In another embodiment, the UE
transmits the uplink at subframe n+k, where k is greater than 4.

FIGURE 12 illustrates transmitting a UL CSI according to one embodiment of
present disclosure. An aperiodic CSI request is received at subframe n and the corre-
sponding UL CSI 1 is transmitted in subframe N+8. However, a NACK transmission
responding to UL CSI 1 is received and UL CSI 1 is retransmitted in subframe n+12.

With aperiodic CSI request on PUSCH, a UE performs aperiodic CSI reporting using
the PUSCH in subframe n+k on serving cell , upon decoding in subframe n either: an
uplink DCI format, or a Random Access Response Grant, for serving cell if the re-
spective CSI request field is set to trigger a report and is not reserved. If the CSI
request field is 1 bit, a report is triggered for serving cell if the CSI request field is set
to '1".

If the CSI request field size is 2 bits, a report is triggered according to the value in
Table 10 corresponding to aperiodic CSI reporting. TABLE 10 illustrates the CSI
Request field for PDCCH with uplink DCI format in UE specific search space.

Table 10
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[Table 10]

Value of CSI request field Description

'00' No aperiodic CSI report is triggered

or' Aperiodic CSI report is triggered for
serving cell

'10' Aperiodic CSI report is triggered for a Ist
set of serving cells configured by higher
layers

11 Aperiodic CSI report is triggered for a 2nd

[302]
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set of serving cells configured by higher

layers

It is noted that PDCCH with DCI formats used to grant PUSCH transmissions as
given by DCI format O and DCI format 4 are herein referred to as uplink DCI format

when common behavior is addressed.

When the CSI request field from an uplink DCI format is set to trigger a report, for
FDD k=4, and for TDD UL/DL configuration 1-6, k is given in Table 8-2. For TDD
UL/DL configuration 0, if the MSB of the UL index is set to 1 and LSB of the UL
index is set to 0, k is given in Table 8-2; or if MSB of the UL index is set to 0 and LSB
of the UL index is set to 1, k is equal to 7; or if both MSB and LSB of the UL index is
set to 1, k for TDD configurations 0-6 is given in TABLE 11 below.

Table 11
[Table 11]
TDD |subframe number n
ULD 1o 1 2 4 5 6 7 8 9
LConf
igurati
on
0 4 6 4 6
1 6 4 6 4
2 4
3 4 4 4
4 4 4
5 4
6 7 7 7 7 5
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For TDD (i.e., frame structure type 2 in LTE), in one embodiment, if the number of
CSI processes in an aperiodic request is greater than N_threshold, then the UE
transmits corresponding CSI on the uplink at subframe n+D+k;, where k; is defined
above.

When the CSI request field from a Random Access Response Grant is set to trigger a
report and is not reserved, k is equal to if the UL delay field in section 6.2 of TS
36.211 is set to zero, where k is given in section 6.1.1. The UE shall postpone
aperiodic CSI reporting to the next available UL sub-frame if the UL delay field is set
to 1.

In certain embodiments, if the number of CSI processes in an aperiodic request is
greater than N_threshold, then the UE transmits corresponding CSI on uplink at
subframe n+D+k,, where k, may be defined with a new table similarly to table 11. In
certain embodiments, the entries in the table are all greater than 4 to provide additional
time for CSI computation at the UE. In certain embodiments, the delay D can be con-
figurable by higher layer signaling. In one example, a UE is not expected to receive
more than one aperiodic CSI report request for a given subframe.

The embodiments described above have been developed in case the UE complexity
burden can be too high. The condition defined is based on number of CSI processes
being greater than a certain threshold value. More generally the embodiments can also
apply when the condition is defined in different ways, some examples of which
include: conditioned on the configuration of CoMP+CA together for the UE, con-
ditioned on a network configured threshold, and UE capability.

With periodic transmission on PUCCH, a single CSI process (or a small number of
simultaneous reports, example, two or three) can be configured per periodic PUCCH
reporting. Each periodic PUCCH report has associated timing parameters (i.e., pe-
riodicity, offset) described.

It is noted that with periodic CSI, there could be the case where UL transmissions for
multiple P-CSIs can collide each other in a subframe. In such a subframe, the colliding
CSIs can be handled so that one or more P-CSIs are transmitted and others are
dropped. Some of the previous embodiments outlined in this disclosure can be used for
this purpose.

FIGURE 13 illustrates collision of the periodic CSI reporting according to em-
bodiments of the present disclosure. The embodiment of the CSI reporting shown in
FIGURE 13 is for illustration only. Other embodiments could be used without
departing from the scope of the present disclosure.

As illustrated, sub-frame n-n .;.r(n) corresponds to a reference sub-frame for CSI
corresponding to P-CSI to be transmitted in subframe n. Likewise, sub-frame n1-n ;..

(n1)corresponds to reference subframe for P-CSI in subframe n1; and sub-frame n2-n
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cqier(N2)and n3-n ;s (n3) corresponds to reference subframe for P-CSIs in subframe n2
and subframe n3.

At a given subframe a UE can have certain number of pending CSI processes as 1il-
lustrated in the figure. For example, at sub-frame n-n .;.;(n), which corresponds to
reference sub-frame for CSI corresponding to P-CSI to be transmitted in subframe n,
there are six pending P-CSI processes. In other words UE has six ongoing CSI com-
putations at sub-frame n- n-n .. (n).

As illustrated, the P-CSI feedback transmitted at subframe n, corresponding to sub-
frame nl-n .;.r(nl) collides with another P-CSI feedback. In addition, the P-CSI
feedback transmitted at subframe n2, corresponding to sub-frame n2-n .;.r(n2) collides
with another P-CSI feedback.

In certain embodiments, a UE is not expected to receive greater than a N_threshold
pending CSI processes. If the limit is exceeded then the UE behavior is unspecified or
defined to be implementation dependent. In certain embodiments, if number of
pending CSI processes is greater than the N_threshold, then the UE can drop the CSI
transmissions. In certain embodiments, if number of pending CSI processes in an
aperiodic request is greater than the N_threshold, then the UE can drop some reports
and send some reports.

If the UE has pending requests for more than N_threshold processes at a given time,
then one or more of the following procedures for sending CSI can apply as opposed to
sending the corresponding CSI in corresponding UL sub-frames (n+4): in one
example, UE behavior is not specified; in this case, UE implementation can decide
how/if to transmit UL CSI; in another example, a UE drops all the pending periodic
CSI requests; in another example, a UE drops the periodic CSI request with the most
recent CSI reference subframe; in another example, a UE drops the periodic CSI
request with the oldest CSI reference subframe; in another example, a UE drops the
periodic CSI request with the earliest upcoming uplink transmission; in another
example, a UE drops the periodic CSI request with the furthest upcoming uplink
transmission; in another example, a UE drop CSI of one or more CSI processes of one
or more periodic requests; in another example, a UE drops all the CSI requests, except
that of serving cell; in another example, a UE drops all the CSI requests except that of
CSI process corresponding to lower CSI configuration index on each cell; in another
example, a UE uses the dropping rules proposed above for case of periodic CSI
collisions to the combined set of CSI processes; or in another example, a UE drops the
CSI request prioritizing based on the type of the corresponding reports; in another
example, the CSI with PUCCH reporting type (1, 1a, 2, 2b, 2¢, or 4) has lower priority
than CSI report with PUCCH reporting type 3, 5, 6, or 2a; in another example, a UE

drops the CSI requests by prioritizing based on the period of transmission (Nperiod);
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[317]

[318]

[319]

[320]

[321]

and, in another example, the CSI reports with the lowest Nperiod is dropped.

In certain embodiments, a UE can drop the periodic CSI request with the furthest
uplink transmission, which essentially implies that no additional CSI processes are
added to the UE link adaptation block pipeline, while there are a certain number of CSI
computations in progress.

In certain embodiments, one or more of the above procedures can be combined. For
example, the CSI requests can be down-selected by prioritizing based on the PUCCH
reporting types and then the dropping of the request with the furthest uplink
transmission can be applied.

In certain embodiments, the behaviors or procedures defined above for aperiodic and
periodic reporting when multiple CSI reports are configured is dependent on a UE ca-
pability. Such capability may be known to the network or the information could be
signaled by higher layers signaling.

In addition, one or more aspects of the embodiments described above can apply to
the combined CSI requests of both periodic and aperiodic CSI requests.

If the UE has pending requests for more than N_threshold CSI processes at a given
time including periodic and aperiodic requests, then one or more of following
procedures for sending CSI can apply as opposed to sending the corresponding CSI in
corresponding UL sub-frames (n+4); in one example, the UE behavior is not specified
and the UE implementation can decide how/if to transmit UL CSI; in another example,
a UE drops all the pending periodic CSI requests; in another example, a UE drops all
the pending aperiodic CSI requests; in another example, a UE drops the periodic CSI
request with the most recent CSI reference subframe; in another example, a UE drops
the periodic CSI request with the oldest CSI reference subframe; in another example, a
UE drops the periodic CSI request with the earliest upcoming uplink transmission; in
another example, a UE drops the periodic CSI request with the furthest upcoming
uplink transmission; in another example, a UE drops CSI of one or more CSI processes
of one or more periodic requests; in another example, a UE drop all the CSI requests,
except that of serving cell; in another example, a UE drops all the CSI requests except
that of CSI process corresponding to lower CSI configuration index on each cell; in
another example, a UE uses the dropping rules proposed earlier for case of periodic
CSI collisions to the combined set of CSI processes; in another example, a UE drops
the CSI request prioritizing based on the type of the corresponding reports; in another
example, the CSI with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 has lower priority
than CSI report with PUCCH reporting type 3, 5, 6, or 2a; in another example, a UE
drops the CSI requests by prioritizing based on the period of transmission (Nperiod); in
another example, the reports with the lowest Nperiod is dropped; in another example, a

UE drops all the periodic requests and applies the rules defined above for aperiodic



48

WO 2014/007599 PCT/KR2013/006069
CSI requests.
[322] If the UE has pending requests for more than N_threshold processes in the aperiodic

[323]

[324]

[325]

[326]

[327]

CSI request at a given time, then one or more of following procedures for sending CSI
applies as opposed to sending the corresponding CSI in UL sub-frames (n+4): in one
embodiment, the UE behavior is not specified; in this case UE implementation can
decide howl/if to transmit UL CSI; in another embodiment, a UE drops all the pending
aperiodic CSI requests; in another embodiment, a UE drops the most recent aperiodic
CSI request; in another embodiment, a UE drops the oldest aperiodic CSI request; in
another embodiment, a UE drops CSI of one or more CSI processes of one or more
aperiodic requests; in another embodiment, a UE drops all the CSI requests, except that
of serving cell; and in another embodiment, a UE drops all the CSI requests except that
of CSI process corresponding to lower CSI configuration index on each cell.

Embodiments of the present disclosure include UE complexity reduction with con-
straints on valid/reference subframes. The reference subframe is defined as follow: in
the time domain, the CSI reference resource is defined by a single downlink subframe
N-N cor o, Where for periodic CSI reporting n gy »ris the smallest value greater than or
equal to 4, such that it corresponds to a valid downlink subframe; and where for
aperiodic CSI reporting n o »r1s such that the reference resource is in the same valid
downlink subframe as the corresponding CSI request in an uplink DCI format.

The reference subframe represents the subframe until which the measurements corre-
sponding to the reported CQI are expected to be accumulated (i.e., channel/interference
history until this subframe). Further, n ¢, ,is the window of time available to a UE for
performing CSI computation.

The smallest value of n ¢y; ,r1s referred to as n co; o min Which represents the minimum
value of n ¢y .rand is equal to 4 in the LTE Release 10. The above definition can be
rewritten as follows if this is made variable. In the time domain, the CSI reference
resource is defined by a single downlink subframe n-n ¢4, ,;, Where for periodic CSI
reporting n c¢g; »¢is the smallest value greater than or equal to 0 o7 e min » SUCh that it
corresponds to a valid downlink subframe; where for aperiodic CSI reporting n co; 18
such that the reference resource is in the same valid downlink subframe as the corre-
sponding CSI request in an uplink DCI format.

Whether a reference resource is in the same valid downlink subframe is determined
based on Table 4.2-2 of 3GPP TS 36.211 as reproduced in TABLE 12 below.

Table 12



49

WO 2014/007599 PCT/KR2013/006069

[Table 12]

Uplink/Downlink |Downlink-to-Uplink |subframe number n

Configuration Switch-point pe- 0 |1 > 1314 |5 l6 |7 I8 |9

riodicity

0 Sms D S u Wwuwiu D (S |U U |U
1 Sms D |S u WwuwmoD D[S |U U |D
2 Sms D |S u DD D |S |U|D D
3 10ms D |S uuw (b |ID|D|D D
4 10ms D |S uuDb (D |[D|D|D D
5 10ms D |S u DD (D |[D|D|D D
6 Sms D S u Wwuwwu D (S |U U |D

[328]

[329]

[330]

[331]

In other words, a CSI reference resource is the valid downlink frame if it is one of
downlink subframes according to TABLE 12.

To allow increasing the window for aperiodic reporting, the definition is further
modified as follows: in the time domain, the CSI reference resource is defined by a
single downlink subframe n-n (¢, ,,r, Where for periodic CSI reporting n ¢y ,1s the
smallest value greater than or equal to n o7 rer min » SUCh that it corresponds to a valid
downlink subframe; where for aperiodic CSI reporting n c; ris the smallest value
greater than or equal to 1 cos e min » SUCh that it corresponds to a valid downlink
subframe.

One possibility to alleviate the UE complexity is to relax the definitions of valid
subframes and nCQI_ref min. In certain embodiments, the set of valid subframes can
be further defined to be a subset of the available downlink subframes. In certain em-
bodiments, such subset of valid subframes could be based on one or more of the
following: One or more of the non-zero power CSI-RS configuration parameters,
including resourceconfig, subframeconfig, one or more zero-power CSI-RS con-
figuration parameters, one or more IMR configuration parameters, including re-
sourceconfig, subframeconfig, the total number of CSI processes configured, the total
number of periodic CSI processes configured or the UE, the total number of aperiodic
CSI processes configured for the UE, the ABS or the subframe subset configuration,
the aperiodic CSI configuration by higher layers, the periodic CSI configuration by
higher layers; the number of serving cells configured, the number of subframe subsets
configured; the type of reporting (i.e., aperiodic or periodic), and UE capability.

More generally the location information of the valid subframes can be configured by

higher layers. For example, a higher layer configuration can indicate a set of valid
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[332]

[333]

[334]

[335]

[336]

[337]

subframes with a certain periodicity and a subframe offset. In other words, re-
sourceconfig, subframeconfig can be indicated for defining the valid subframes.

In certain embodiments, the higher layer configuration could indicate which of the
one or more CSI-RS configurations (NZP, ZP, IMR) must be used for deriving the set
of valid subframes.

In certain embodiments, the value of n ¢y rOr 0 cgr ref min1S determined based one or
more of the following: one or more of the non-zero power CSI-RS configuration pa-
rameters, including resourceconfig, subframeconfig, one or more zero-power CSI-RS
configuration parameters, one or more IMR configuration parameters, including re-
sourceconfig, subframeconfig, the total number of CSI processes configured, the total
number of periodic CSI processes configured or the UE, the total number of aperiodic
CSI processes configured for the UE, the ABS or the subframe subset configuration,
the aperiodic CSI configuration by higher layers, the periodic CSI configuration by
higher layers, the number of serving cells configured, the number of subframe subsets
configured, the type of reporting (i.e., aperiodic or periodic), and UE capability.

In certain embodiments, the set of valid subframes could be different for the
aperiodic CSI and the periodic CSI reporting. In one embodiment, the value of n
cor ref min 18 different for the aperiodic CSI and the periodic CSI reporting (i.e., based on
the type of reporting).

In embodiment A, if the number of CSI processes configured are less than a
threshold, then a first set of valid subframes are used and if the number of CSI
processes configured are greater less than a threshold, then a second set of valid
subframes are used. In embodiment B, if the number of CSI processes configured is
less than a threshold, then a first value of n cg; rer min 1S Used and if the number of CSI
processes configured are greater less than a threshold, then a second value of 01 ¢g7 ef min
are used.

In the above embodiments A and B, the number of CSI processes can correspond to
the following: the number of periodic CSI processes, the number of aperiodic CSI
processes, the total number of CSI processes including all the component carriers and
the subframe subsets, and the number of CSI processes per component carrier. In
certain embodiments, the number of CSI processes in embodiments A and B are based
on the maximum number of CSI processes that can be configured in an aperiodic CSI
request. For example, the maximum of the number of CSI processes corresponding to
the maximum among the first and the second and the third sets configured by higher
layers, if the following CSI request field is used in TABLE 13 below.

Table 13
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[Table 13]

Value of CSI request field Description

'00' No aperiodic CSI report is triggered

or' Aperiodic CSI report is triggered for a Ist
set of CSI processes configured by higher
layers

'10' Aperiodic CSI report is triggered for a 2nd
set of CSI processes configured by higher
layers

11 Aperiodic CSI report is triggered for a 3rd
set of CSI processes configured by higher
layers

[338] 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 method for transmitting a channel state information (CSI) feedback
report to a serving cell, the method comprising:

for time division duplex (TDD), configuring at least one periodic CSI
process with a CSI reference source defined by a single downlink
subframe n-n ¢y; ¢, Wherein n cg; s a smallest value greater than or
equal to a positive integer n cor rer min » SUch that it corresponds to a valid
downlink subframe, wherein n cg; .r mi» vVaries based on a number of at
least one periodic CSI process.

The method of Claim 1, wherein a number of at least one CSI processes
is either two (2) or three (3).

The method of Claim 2, wherein the CSI reference resource is a
resource corresponding to the CSI feedback report transmitted from the
UE.

The method of Claim 1, wherein 1 cg; er min 15 four (4).

The method of Claim 1, wherein the UE is configured to report the CSI
feedback using a periodic physical uplink control channel (PUCCH) for
at least one periodic CSI requests.

An apparatus for transmitting channel state information (CSI) feedback
report to a serving cell, the apparatus comprising:

a controller configured to, for TDD, configure at least one periodic CSI
process with a CSI reference source defined by a single downlink
subframe n-n ¢y s, Wherein n ¢y, ,sis a smallest value greater than or
equal to a positive integer n cor rer min » SUch that it corresponds to a valid
downlink subframe, wherein n cg; .r mi» vVaries based on a number of at
least one periodic CSI process.

The apparatus of Claim 6, wherein a number of at least one CSI
processes is either two (2) or three (3).

The apparatus of Claim 6, wherein n cg; e min 1S four (4).

The apparatus of Claim 6, wherein the CSI reference resource is a
resource corresponding to the CSI feedback report transmitted from the
UE.

The apparatus of Claim 6, wherein the UE is configured to report the
CSI feedback using a periodic physical uplink control channel
(PUCCRH) for at least one periodic CSI requests.

A method for receiving channel state information (CSI) feedback report

from a user equipment (UE), the method comprising:
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for time division duplex (TDD), configuring at least one periodic CSI
process with a CSI reference source defined by a single downlink
subframe n-n ¢y s, Wherein n ¢y, ,sis a smallest value greater than or
equal to a positive INte€ZEr N cor . min » SUCh that it corresponds to a valid
downlink subframe, wherein n co; o i Varies based on a number of at
least one periodic CSI process.

The method of Claim 11, wherein a number of at least one CSI
processes is either two (2) or three (3).

The method of Claim 11, wherein 0 ¢y; e min1s four (4).

The method of Claim 11, wherein the CSI reference resource is a
resource corresponding to the CSI feedback report transmitted from the
UE.

The method of Claim 11, wherein the UE is configured to report the
CSI feedback using a periodic physical uplink control channel
(PUCCRH) for at least one periodic CSI requests.

An apparatus method for receiving channel state information (CSI)
feedback report from a user equipment (UE), the apparatus comprising:
a controller configured to, time division duplex (TDD), configure at
least one periodic CSI process with a CSI reference source defined by a
single downlink subframe n-n ¢y; ¢, Wherein n cos 1 a smallest value
greater than or equal to a positive Inte€ger N co; rer min » SUCh that it cor-
responds to a valid downlink subframe, wherein n ¢y ,er i Varies based
on a number of at least one periodic CSI process.

The apparatus of Claim 16, wherein a number of at least one CSI
processes is either two (2) or three (3).

The apparatus of Claim 16, wherein 0 co; rer min 1 four (4).

The apparatus of Claim 16, wherein the CSI reference resource is a
resource corresponding to the CSI feedback report transmitted from the
UE.

The apparatus of Claim 16, wherein the UE is configured to report the
CSI feedback using a periodic physical uplink control channel
(PUCCRH) for at least one periodic CSI requests.

A method for channel state information (CSI) feedback reporting to a
base station, the method comprising:

configuring not to accommodate, by a user equipment (UE), the one or
more aperiodic CSI requests arrived from a serving cell except a CSI
request of CSI processes with lowest indexes for each serving cell,

wherein a number of the one or more CSI processes with lowest
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indexes is determined based on a number of pending CSI reports.

The method of Claim 21, wherein the UE is configured to drop the one
or more CSI requests except the CSI request of the CSI processes with
the lowest indexes for each serving cell.

The method of Claim 21, wherein the number of pending CSI reports
corresponding to the one or more periodic CSI request is not greater
than a threshold.

The method of Claim 21, wherein the UE is configured to report the
CSI feedback using a periodic physical uplink control channel
(PUCCH) for one or more periodic CSI requests.

An apparatus for receiving channel state information (CSI) feedback
report from a serving cell, the apparatus comprising:

a controller configured to not accommodate, by a user equipment (UE),
the one or more aperiodic CSI requests arrived from a serving cell
except a CSI request of CSI processes with lowest indexes for each
serving cell, wherein a number of the one or more CSI processes with
the lowest indexes is determined based on a number of pending CSI
reports.

The apparatus of Claim 25, wherein the UE is configured to drop the
one or more CSI requests except a CSI request of the CSI process with
the lowest indexes for each serving cell.

The apparatus of Claim 25, wherein the number of pending CSI reports
corresponding to the one or more periodic CSI request is not greater
than a threshold.

The apparatus of Claim 25, wherein the UE is configured to report the
CSI feedback using a periodic physical uplink control channel
(PUCCH) for one or more periodic CSI requests.
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