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(57) Abstract: A method for transmitting a CSI
feedback report to a serving cell comprises for time
division duplex, configuring at least one periodic
CSI process with a CSI reference source defined by
a single downlink subframe n-n , wherein n

is a smallest value greater than or equal to a
positive integer n , such that it corresponds
to a valid downlink subframe, wherein n
varies based on a number of at least one periodic
CSI process. A method for CSI feedback reporting
to a base station comprises configuring not to ac
commodate, by a user equipment, the one or more
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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 a lower index
(es) is determined based on a number of pending
CSI reports.
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Description
Title of Invention: METHOD AND APPARATUS FOR CHANNEL

STATE INFORMATION FEEDBACK REPORTING

Technical Field
[1] 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
[2] 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 h o

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
[3] 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 c o ef , wherein n c /_re/is a smallest value greater than or

equal to a positive integer n C Q i_ref_mm , h that it corresponds to a valid downlink

subframe, wherein n C Q i_ref_mm varies based on a number of at least one periodic CSI

process.

[4] 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 re , wherein n re is a smallest value greater than or equal

to a positive integer n C Q i_ref_mm , h that it corresponds to a valid downlink subframe,



wherein n re varies based on a number of at least one periodic CSI process.

[5] 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 C Qi_ref, wherein n re i a smallest value greater than or

equal to a positive integer n C Qi_ref_mm , h that it corresponds to a valid downlink

subframe, wherein n C Qi_ref_mm varies based on a number of at least one periodic CSI

process.

[6] 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 re , wherein

n _re a smallest value greater than or equal to a positive integer n C Qi_ref_mm , h that

it corresponds to a valid downlink subframe, wherein n C Qi_ref_min varies based on a

number of at least one periodic CSI process.

[7] 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.

[8] 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.

[9] 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-



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 CoMP 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



multipoint communication system in accordance with embodiments of the present

disclosure;

[22] FIGURE 12 illustrates transmitting a UL CSI in accordance with embodiments of the

present disclosure; and

[23] FIGURE 13 illustrates collision of the periodic CSI reporting in accordance with em

bodiments of the present disclosure.

Mode for the Invention
[24] 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.

[25] The following standards documents are incorporated by reference herein: 1) 3GPP

TS 36.211 vlO.1.0, "E-UTRA, Physical channels and modulation" (REF1); 2) 3GPP

TS 36.212 vlO.1.0, "E-UTRA, Multiplexing and Channel coding" (REF2); 3) 3GPP TS

36.213 vlO.1.0, "E-UTRA, Physical Layer Procedures" (REF3); 4) RP-1 11365 C o

ordinated Multi-Point Operation for LTE WID; and 5) 3GPP TR 36.819 V I 1.0.0

(2011-09) (REF4).

[26] 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.

[27] 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 IP-based system (not shown).

[28] 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



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.

[29] 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.

[30] 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.

[31] 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.

[32] 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.

[33] 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



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.

[34] 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.

[35] 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.

[36] 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.).

[37] 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



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.

[38] 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.

[39] 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.

[40] 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.

[41] 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



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.

[42] 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.

[43] 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.

[44] 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.).

[45] 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



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.

[46] 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.

[47] 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.

[48] 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 CoMP 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.

[49] 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.

[50] 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



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.

[51] 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.

[52] 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.

[53] 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.

[54] 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-



terference. The coverage area 604a in FIGURE 6A is the "coordination area" of

interest in the discussion herein.

[55] 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.

[56] 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.

[57] 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 p a

rameters for each CSI-RS resource can include that configuration of multiple non

zero-power CSI-RS resources include at least: AntennaPorts Count, ResourceConfig,

SubframeConfig, P , and a Parameter X to derive scrambling initialization:
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[59] X ranges from 0 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-



specific reference signal (CRS) itself. Interference measurement on CRS captures all

the interference outside the cell.

[60] 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.

[61] For support of CoMP, 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 p a

rameters are indicated, while multiple zero-power CSI-RS configurations are indicated

using a bitmap.

[62] 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.

[63] 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 a s

sociated (CSI-RS resource index, IMR resource index) pair. Each CSI configuration

can be for a particular TP or CSI process.

[64] Table 1

[Table 1]

[65] 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:

[66] ASN1 START

[67]

[68] CSI-Config-rl 1 ::= SEQUENCE {

[69] csi-RS-rll CHOICE {



[70] release NULL,

[71] setup SEQUENCE {

[72] antennaPortsCount-r 11 ENUMERATED {an 1, an2, an4, an8 },

[73] resourceConfig-rl 1 INTEGER (0..3 1),

[74] subframeConfig-rl 1 INTEGER (0.. 154),

[75] p-C-rl 1 INTEGER (-8.. 15)

[76] IMR-resourceConfigr-r 11 INTEGER (0. .15)

[77] IMRSubframeConfig-r 11 INTEGER (0. .154)

[78]

[79] }

[80] } OPTIONAL, - Need ON

[81]

[82] }

[83]

[84] ASN1STOP

[85] 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:

[86] ASN1START

[87]

[88] CSI-Config-rl 1 ::= SEQUENCE {

[89] csi-RS-rll CHOICE {

[90] release NULL,

[91] setup SEQUENCE {

[92] antennaPortsCount-r 11 ENUMERATED {an 1, an2, an4, an8 },

[93] resourceConfig-rl 1 INTEGER (0..3 1),

[94] subframeConfig-rl 1 INTEGER (0.. 154),

[95] p-C-rl 1 INTEGER (-8.. 15)

[96] IMR-antennaPortsCount-rl 1 ENUMERATED {anl, an2, an4, an8}

[97] IMR-resourceConfigr-r 11 INTEGER (0. .15)

[98] IMRSubframeConfig-r 11 INTEGER (0. .154)

[99]

[100] }

[101] } OPTIONAL, - Need ON

[102]

[103] }

[104]

[105] ASN1STOP



[106] 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:

[107] ASN1START

[108]

[109] CSI-Config-rl 1 ::= SEQUENCE {

[110] csi-RS-rll CHOICE {

[111] release NULL,

[112] setup SEQUENCE {

[113] antennaPortsCount-rl 1 ENUMERATED {anl, an2, an4, an8},

[ 114] resourceConfig-rl 1 INTEGER (0..31),

[115] subframeConfig-rl 1 INTEGER (0.. 154),

[116] p-C-rl0 INTEGER (-8.. 15)

[117] IMR-resourceConfigr-rl 1 INTEGER (0..56)

[118] IMRSubframeConfig-r 11 INTEGER (0. .154)

[119]

[120] }

[121] } OPTIONAL, - Need ON

[122]

[123] }

[124]

[125] - ASN1STOP

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

[127] 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:

[128] IMR-CSI-RS-rll CHOICE {

[129] release NULL,

[130] setup SEQUENCE {

[131] IMRResourceConfig-rll INTEGER (0..15)

[132] IMRSubframeConfig-r 11 INTEGER (0. .154)

[133] }

[134] }

[135] 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:



[136] IMR-CSI-RS-rll CHOICE {

[137] release NULL,

[138] setup SEQUENCE {

[139] IMR-antennaPortsCount-rl 1 ENUMERATED {anl, an2, an4, an8},

[140] IMRResourceConfig-rl 1 INTEGER (0.. 15)

[141] IMRSubframeConfig-rl 1 INTEGER (0..154)

[142] }

[143] }

[144]

[145]

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

[147] release NULL,

[148] setup SEQUENCE {

[149] IMRResourceConfig-rl 1 INTEGER (0..56)

[150] IMRSubframeConfig-r 11 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-r 11 INTEGER (0. .X)

[155] with

[156] IMR-resourceConfigr-rl 1 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

examples above. Such CSI configuration can be set up differently for periodic and

aperiodic feedback modes.

[159] Table 2



[Table 2]

[160] The non-zero power CSI-RS (Zl, 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 (Zl 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 (XI for configuration 1).

An example of such a method is that the non-zero power CSI-RS resources (Zl) used

for interference measurement are all the configured CSI-RS resources for that UE

except XI. In another example, the non-zero power CSI-RS resources (Zl) 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., XI, X2). For example,

(XI, X2) can be considered a reporting set, while X I can be considered a transmission

set for CSI purposes.

[161] 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.

[162] 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

symbols conform to the downlink power al-

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

to resource elements , 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 1in the first

slot in a subframe fulfills l >lD tastart where lD tastart given by Section 7.1.6.4 of REF4.

[163] In addition to the CSI and IMR (or CSI-IM resource) configurations, embodiments of



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-

MBSFN 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 ~ for layers results in signals equivalent{7 . v}
to corresponding symbols transmitted on antenna ports of the CSI-

RS resource, as given
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is a vector of symbols from the layer mapping in section 6.3.3.2 of 3GPP TS 36.21 1,

P { 1,2,4,8}
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

is the precoding matrix corresponding to the reported PMI applicable to

x o



. The corresponding PDSCH signals transmitted on antenna ports

{a ,,,a }

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., a s

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).

[166] 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.

[167] 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.

[168] 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.

[169] 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



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.

[170] For each serving cell, the periodicity N
pd

(in subframes) and offset 0FFSET,CQI ( n

subframes) for CQI/PMI reporting are determined based on the parameter cqi-

pmi-Configlndex I c Qi PMi 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-lC for time division duplex

(TDD). The periodicity M R and relative offset N 0FFSET,RI RI reporting are de

termined based on the parameter ri-Configlndex ( I RI ) given in 3GPP TS 36.213 Table

7.2.2- IB. Both cqi-pmi-Configlndex and ri-Configlndex are configured by higher layer

signaling. The relative reporting offset for RI N 0FFSET,RItakes values from the set

{0,-l,...,-(N p -l)}. If a UE is configured to report for more than one CSI subframe set,

then parameter cqi-pmi-Configlndex and ri-Configlndex respectively correspond to the

CQI/PMI and RI periodicity and relative reporting offset for subframe set 1 and cqi-

pmi-Configlndex2 and ri-Configlndexl respectively correspond to the CQI/PMI and RI

periodicity and relative reporting offset for subframe set 2.

[171] 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:
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[173] In case RI reporting is configured, the reporting interval of the RI reporting is an

integer multiple M RI of period N d (in subframes). The reporting instances for RI are

subframes satisfying

(10 Xn + [ n \ -N OFF T CQ N OF S T ) o Np · M R )=

[174] To support CoMP 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



resource.

[175] In one embodiment, independent periodic PUCCH for multiple CSI configurations is

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. A d

ditional examples of inter-CSI-RS resource feedback are described below.

[176] 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.

[177] 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, 2c, 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.

[178] 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).

[179] 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



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.

[180] 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.

[181] 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 p a

rameters. In one method, the prioritization of the reports is based on the feedback mode

setup parameters like periodicity and offset (Npd, Noffset).

[182] 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



UE. In one method, whether to multiplex using PUCCH Format 3 or drop the reports

(except one) can be configured by higher layers.

[183] 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).

[184] 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.

[185] 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 s i

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 la/lb/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.

[186] 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-



tiplexes the CSI in the configured PUCCH Format 3 or drops CSIs according to the

dropping rules described above.

[187] 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.

[188] 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.

[189] 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, la, 2, 2a, 2b, 2c, or 4 of the same

serving cell the latter CSI report with PUCCH reporting type (1, la, 2, 2a, 2b, 2c, 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



mapping between the two with the above understanding of a first step resolution.

[190] 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.

[191] 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.

[192] 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.

[193] 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.

[194] 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).

[195] In certain embodiments, interference measurement for a CSI configuration is based



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).

[196] 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.

[197] 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.

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

[199] Table 3

[Table 3]

[200] 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.

[201] 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.

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



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, la, 2, 2b, 2c, or 4 of

another serving cell, the latter CSI with PUCCH reporting type (1, la, 2, 2b, 2c, 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 l a of another serving cell, the latter CSI report with

PUCCH reporting type 1, or l a has lower priority and is dropped.

[203] 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.

[204] 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.

[205] 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.

[206] 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.

[207] 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.

[208] 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



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-



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.

[218] 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 CoMP 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.

[219] 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 p a

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: i) PUCCH Format

2/2a/2b, ii) PUCCH Format 3, and/or iii) PUSCH.

[220] 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.

[221] 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



(some examples can be found in embodiments of dropping some reports, multiplexing

the reports, and compressing the reports as described above) should apply.

[222] 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).

[223] In certain embodiments, a UE derives the collision rules for the case of CoMP and

CA collision based on the third RRC configuration only.

[224] 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.

[225] 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.

[226] 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



phase alignment between two CSI-RS resources for joint transmission.

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

resource joint feedback configuration according to TABLE 4 below.

[228] Table 4

[Table 4]

[229] 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 CQi,

[230] 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., NdaggregateC Qi, NoffsetaggregateCQi).

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.

[231] 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



the present disclosure.

[232] 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.

[233] 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.

[234] 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.

[235] Table 5

[Table 5]

[236] 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).

[237] 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.



[238] 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.

[239] 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., nC Qi_r e f) 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 lOlOd 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.

[240] 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., nC Qi_ r e f) 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.

[241] Additionally, because the processing of the interference measurement (e.g., receiving



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.

[242] 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-nC Qi_ r e f , where, for periodic CSI reporting, nC Qi_ r e f 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 DwPTS is

c and less; the downlink subframe does not fall within a configured768 Ts
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.

[243] 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 0 (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.

[244] 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.

[245] Table 6



[Table 6]

Value of CSI request field Description

ΌΟ' No aperiodic CSI report is triggered

'ΟΓ Aperiodic CSI report is triggered for CSI-

RS resource 1 (or any configured fixed

CSI-RS resource or CSI configuration)

Ί Ο' Aperiodic CSI report is triggered for a 1st

set of CSI-RS resources (or CSI config

urations) configured by higher layers

Γ Aperiodic CSI report is triggered for a 2nd

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]



[248] 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.

[249] 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.

[250] 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.

[251] Table 8

[Table 8]

[252] 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).

[253] The mode 2-3 is for a UE-selected subband feedback for two CSI configurations. In



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 S 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.

[254] 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.

[255] 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.

[256] 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.

[257] 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.

[258] 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.

[259] 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-



entially encoded with the per-CSI-RS wideband CQI.

[260] 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.

[261] Table 9

[Table 9]

[262] 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.

[263] 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.

[264] 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.

[265] 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.

[266] 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.

[267] 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.

[268] 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.

[269] 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 is reported for each set S
2

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

[270] 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.

[271] For subband inter-CSI-RS phases, in one example, an inter-CSI-RS phase is reported



per subband for assuming transmission only in the subband.

[272] 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.

[273] 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 S 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 a s

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.

[274] 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.

[275] 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.

[276] 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



resources corresponding to the CSI configurations assuming joint transmission on set S

subbands.

[277] 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.

[278] 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.

[279] 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.

[280] 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.

[281] 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.

[282] 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).

[283] 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).

[284] 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



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.

[285] Embodiments of the present disclosure include different types of CSI reporting to

avoid excessive computational complexity at the UE.

[286] 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 elCIC, 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.

[287] 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.

[288] Embodiments of the present disclosure include some rules defined for different types

of CSI reporting to avoid excessive computational complexity at the UE.

[289] 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.

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

subframe subsets corresponding to the aperiodic requests. As illustrated, over a



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.

[291] 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.

[292] 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.

[293] 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.

[294] 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.

[295] 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



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.

[296] Embodiments according to the present disclosure include that a CSI transmission can

be configured to be delayed in certain situations.

[297] 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, k

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.

[298] 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.

[299] 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 T .

[300] 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.

[301] Table 10



[Table 10]

[302] It is noted that PDCCH with DCI formats used to grant PUSCH transmissions as

given by DCI format 0 and DCI format 4 are herein referred to as uplink DCI format

when common behavior is addressed.

[303] 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.

[304] Table 11

[Table 11]



] 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
1

where ¾ 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 2, where k2 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 c re (n) corresponds to a reference sub-frame for CSI

corresponding to P-CSI to be transmitted in subframe n. Likewise, sub-frame nl- cqiref

(nl Corresponds to reference subframe for P-CSI in subframe nl; and sub-frame n2-n



c re (n2)and n3-n c re (n3) corresponds to reference subframe for P-CSIs in subframe n2

and subframe n3.

[313] At a given subframe a UE can have certain number of pending CSI processes as i l

lustrated in the figure. For example, at sub-frame n-n c re (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 c re (n).

[314] As illustrated, the P-CSI feedback transmitted at subframe n, corresponding to sub-

frame nl-n c re (nl) collides with another P-CSI feedback. In addition, the P-CSI

feedback transmitted at subframe n2, corresponding to sub-frame n2-n c re (n2) collides

with another P-CSI feedback.

[315] 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.

[316] 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, la, 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);



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

[317] 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.

[318] 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.

[319] 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 c a

pability. Such capability may be known to the network or the information could be

signaled by higher layers signaling.

[320] 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.

[321] 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, la, 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



CSI requests.

[322] If the UE has pending requests for more than N_threshold processes in the aperiodic

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 how/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.

[323] 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 / re/ , where for periodic CSI reporting n re/ is 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 c /_re/is such that the reference resource is in the same valid

downlink subframe as the corresponding CSI request in an uplink DCI format.

[324] 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 re is the window of time available to a UE for

performing CSI computation.

[325] The smallest value of n re i referred to as n C Qi_ref_mm which represents the minimum

value of n re and 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 re , where for periodic CSI

reporting n re i the smallest value greater than or equal to n C Qi_ref_mm , h that it

corresponds to a valid downlink subframe; where for aperiodic CSI reporting n re is

such that the reference resource is in the same valid downlink subframe as the corre

sponding CSI request in an uplink DCI format.

[326] Whether a reference resource is in the same valid downlink subframe is determined

based on Table 4.2-2 of 3GPP TS 36.21 1 as reproduced in TABLE 12 below.

[327] Table 12



[Table 12]

[328] In other words, a CSI reference resource is the valid downlink frame if it is one of

downlink subframes according to TABLE 12.

[329] 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 C Qi_ref, where for periodic CSI reporting n i the

smallest value greater than or equal to n C Qi_ref_mm , h that it corresponds to a valid

downlink subframe; where for aperiodic CSI reporting n c / re/ is the smallest value

greater than or equal to n C Qi_ref_min , such that it corresponds to a valid downlink

subframe.

[330] 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 r e

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.

[331] 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



subframes with a certain periodicity and a subframe offset. In other words, re-

sourceconfig, subframeconfig can be indicated for defining the valid subframes.

[332] 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.

[333] In certain embodiments, the value of n _re n C Qi_ref_mm determined based one or

more of the following: one or more of the non-zero power CSI-RS configuration p a

rameters, including resourceconfig, subframeconfig, one or more zero-power CSI-RS

configuration parameters, one or more IMR configuration parameters, including r e

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.

[334] 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

cQi f min different for the aperiodic CSI and the periodic CSI reporting (i.e., based on

the type of reporting).

[335] 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 C Qi_ref_mm used and if the number of CSI

processes configured are greater less than a threshold, then a second value of n C Qi_ref_mm

are used.

[336] 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.

[337] Table 13



[Table 13]

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 c o ef , wherein n c / re/is a smallest value greater than or

equal to a positive integer n C Q i_ref_min , such that it corresponds to a valid

downlink subframe, wherein n re m
„varies 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 n re „is 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 C Q i_
r ef , wherein n c / re/is a smallest value greater than or

equal to a positive integer n C Q i_ref_min , such that it corresponds to a valid

downlink subframe, wherein n re m
„varies 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 C Qi_ref_min is 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

(PUCCH) 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 C Qi_ref, wherein n re i a smallest value greater than or

equal to a positive integer n C Qi_ref_mm , h that it corresponds to a valid

downlink subframe, wherein n re 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 n re „is 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

(PUCCH) 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 - CQI_re/ , wherein n C Q _re/is a smallest value

greater than or equal to a positive integer n C Qi_ref_mm , h that it cor

responds to a valid downlink subframe, wherein n C Qi_ref_mm 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 n re „is 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

(PUCCH) 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.

[Claim 22] 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.

[Claim 23] 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.

[Claim 24] 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.

[Claim 25] 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.

[Claim 26] 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.

[Claim 27] 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.

[Claim 28] 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.































A. CLASSIFICATION OF SUBJECT MATTER

H04W 24/10(2009.01)i, H04B 7/26(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
H04W 24/10; H04W 88/02; H04B 7/26; H04L 5/00; H04B 1/38; H04B 7/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords:CSI, CQI, feedback, reference, subframe

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

W0 2012-047842 Al (QUALCOMM INCORPORATED) 12 April 2012 1-4,6-9,11-14

See paragraphs 68-70, 74-79, 82, 83, 91; and figures 2 , 5 , 6 . ,16-19

5,10,15,20

21-28

WO 2012-011657 A2 (LG ELECTRONICS INC.) 26 January 2012 5,10,15,20

See abstract; paragraphs 12, 17, 25; and figures 10, 11.

US 2011-0317748 Al (YINGXUE K . L I et al.) 29 December 2011 1-28

See abstract; paragraphs 4 , 58; and figure 2 .

WO 2012-081881 A2 (LG ELECTRONICS INC.) 21 June 2012 1-28

See paragraphs 12-14, 34-36, 75-77, 207-212; and figure 3 .

WO 2011-153286 Al (QUALCOMM INCORPORATED) 08 December 2011 1-28

See abstract; paragraphs 6 , 52; and figure 5 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

2 1 October 2013 (21. 10.2013) 21 October 2013 (21.10.2013)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
≤¾ 189 Cheongsa-ro, Seo-gu, Daej eon Metropolitan City, BYUN, Sung Cheal

¾ 2 -7 R Public ofKorea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8262

Form PCT/ISA 210 (second sheet) (July 2009)



Information on patent family members PCT/KR2013/006069

Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2012-047842 A l 12/04/2012 CN 103155630 A 12/06/2013

EP 2625891 A l 14/08/2013

R 10-2013-0069843 A 26/06/2013

US 2012-0082049 Al 05/04/2012

WO 2012-011657 A2 26/01/2012 CN 103098400 A 08/05/2013

EP 2597798 A2 29/05/2013

KR 10-1221922 Bl 15/01/2013

KR 10-2013-0064778 A 18/06/2013

US 2013-0121299 Al 16/05/2013

US 2013-0148613 Al 13/06/2013

WO 2012-011657 A3 15/03/2012

WO 2012-011718 A2 26/01/2012

WO 2012-011718 A3 05/04/2012

US 2011-0317748 A l 29/12/2011 TW 201208315 A 16/02/2012

WO 2012-006005 A2 12/01/2012

WO 2012-006005 A3 12/04/2012

WO 2012-081881 A2 21/06/2012 EP 2573953 A2 27/03/2013

US 2013-0094384 Al 18/04/2013

WO 2011-145886 A2 24/11/2011

WO 2011-145886 A3 22/03/2012

WO 2012-081881 A3 23/08/2012

WO 2011-153286 A l 08/12/2011 CN 102884751 A 16/01/2013

CN 102939734 A 20/02/2013

EP 2577900 A l 10/04/2013

JP 2013-530604 A 25/07/2013

JP 2013-532427 A 15/08/2013

KR 10-2013-0016723 A 18/02/2013

KR 10-2013-0031934 A 29/03/2013

US 2012-0106374 Al 03/05/2012

US 2012-0134273 Al 31/05/2012

WO 2011-140264 A l 10/11/2011

Form PCT/ISA/210 (patent family annex) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

