
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2014/022032 Al
6 February 2014 (06.02.2014) P O P C T

(51) International Patent Classification: (74) Agent: HAYMOND, Alex W.; Thorpe, North & Western
H04W 24/10 (2009.01) H04J 11/00 (2006.01) LLP, c/o CPA Global, P.O. Box 52050, Minneapolis, Min¬
H04B 7/26 (2006.01) nesota 55402 (US).

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US20 13/0480 19 kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

27 June 2013 (27.06.2013) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(30) Priority Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,

61/679,627 3 August 2012 (03.08.2012) U S SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

13/688,794 29 November 2012 (29. 11.2012) U S TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): INTEL (84) Designated States (unless otherwise indicated, for every

CORPORATION [US/US]; 2200 Mission College kind of regional protection available): ARIPO (BW, GH,

Boulevard, Santa Clara, California 95054 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(72) Inventors; and TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicants (for US only): HAN, Seunghee [KR/KR]; EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, LU, LV,

203-901, Hogye 2nd Hyundai Hometown, Hogye3dong, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Dongangu, Anyangshi, Kyoungkido, 43 1-764 (KR). DAV- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
YDOV, Alexei [RU/RU]; Lenin Ave. 28/1 1-40, Nizhny KM, ML, MR, NE, SN, TD, TG).
Novgorod, NIZ 603 132 (RU). FWU, Jong-Kae [US/US];
15 19 Dominion Avenue, Sunnyvale, California 94087 Published:

(US). ETEMAD, Kamran [US/US]; 10629 Beechknoll — with international search report (Art. 21(3))
Lane, Potomac, Maryland 20854 (US).

(54) Title: PERIODIC CHANNEL STATE INFORMATION REPORTING FOR COORDINATED MULTIPOINT (CoMP) SYS¬
TEMS

.4 M z 3 z 5 MHz 10 MHz MHz 20 MHz
6 RBs 15 Bs 25 RBs 50 RBs 75 RBs 100 RBs

72 SCs 180 SCs 300 SCs 600 SCs 900 SCs 12GD s bc iers (SCs)
210 212 214 216 218 220

FIG. 1

(57) Abstract: Technology for periodic channel state information (CSI) reporting in a coordinated multipoint (CoMP) scenario is
disclosed. One method can include a user equipment (UE) generating a plurality of CSI reports for transmission in a subframe for a
plurality of CSI processes. Each CSI report can correspond to a CSI process with a CSIProcessIndex. The U E can drop CSI reports
corresponding to CSI processes except a CSI process with a lowest CSIProcessIndex. The U E can transmit at least one CSI report
for the CSI process to an evolved Node B (eNB).



PERIODIC CHANNEL STATE INFORMATION REPORTING FOR

COORDINATED MULTIPOINT CoMP SYSTEMS

RELATED APPLICATIONS

This application claims the benefit of and hereby incorporates by reference U.S.

Provisional Patent Application Serial No. 61/679,627, filed August 3, 2012, with an attorney

docket number P46630Z.

BACKGROUND

Wireless mobile communication technology uses various standards and protocols to

transmit data between a node (e.g., a transmission station) and a wireless device (e.g., a mobile

device). Some wireless devices communicate using orthogonal frequency-division multiple

access (OFDMA) in a downlink (DL) transmission and single carrier frequency division multiple

access (SC-FDMA) in an uplink (UL) transmission. Standards and protocols that use orthogonal

frequency-division multiplexing (OFDM) for signal transmission include the third generation

partnership project (3GPP) long term evolution (LTE), the Institute of Electrical and Electronics

Engineers (IEEE) 802.16 standard (e.g., 802. 16e, 802.16m), which is commonly known to

industry groups as WiMAX (Worldwide interoperability for Microwave Access), and the IEEE

802.11 standard, which is commonly known to industry groups as WiFi.

In 3GPP radio access network (RAN) LTE systems, the node can be a combination of

Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Node Bs (also commonly

denoted as evolved Node Bs, enhanced Node Bs, eNodeBs, or eNBs) and Radio Network

Controllers (RNCs), which communicates with the wireless device, known as a user equipment

(UE). The downlink (DL) transmission can be a communication from the node (e.g., eNodeB) to

the wireless device (e.g., UE), and the uplink (UL) transmission can be a communication from

the wireless device to the node.

In homogeneous networks, the node, also called a macro node, can provide basic wireless

coverage to wireless devices in a cell. The cell can be the area in which the wireless devices are

operable to communicate with the macro node. Heterogeneous networks (HetNets) can be used

to handle the increased traffic loads on the macro nodes due to increased usage and functionality

of wireless devices. HetNets can include a layer of planned high power macro nodes (or macro-

eNBs) overlaid with layers of lower power nodes (small-eNBs, micro-eNBs, pico-eNBs, femto-

eNBs, or home eNBs [HeNBs]) that can be deployed in a less well planned or even entirely

uncoordinated manner within the coverage area (cell) of a macro node. The lower power nodes

(LPNs) can generally be referred to as "low power nodes", small nodes, or small cells.



The macro node can be used for basic coverage. The low power nodes can be used to fill

coverage holes, to improve capacity in hot-zones or at the boundaries between the macro nodes'

coverage areas, and improve indoor coverage where building structures impede signal

transmission. Inter-cell interference coordination (ICIC) or enhanced ICIC (elCIC) may be used

for resource coordination to reduce interference between the nodes, such as macro nodes and low

power nodes in a HefNet.

A Coordinated Multipoint (CoMP) system may also be used to reduce interference from

neighboring nodes in both homogeneous networks and HetNets. In the CoMP system, the nodes,

referred to as cooperating nodes, can also be grouped together with other nodes where the nodes

from multiple cells can transmit signals to the wireless device and receive signals from the

wireless device. The cooperating nodes can be nodes in the homogeneous network or macro

nodes and/or lower power nodes (LPN) in the HefNet. CoMP operation can apply to downlink

transmissions and uplink transmissions. Downlink CoMP operation can be divided into two

categories: coordinated scheduling or coordinated beamforming (CS/CB or CS/CBF), and joint

processing or joint transmission (JP/JT). With CS/CB, a given subframe can be transmitted from

one cell to a given wireless device (e.g., UE), and the scheduling, including coordinated

beamforming, is dynamically coordinated between the cells in order to control and/or reduce the

interference between different transmissions. For joint processing, joint transmission can be

performed by multiple cells to a wireless device (e.g., UE), in which multiple nodes transmit at

the same time using the same time and frequency radio resources and/or dynamic cell selection.

Uplink CoMP operation can be divided into two categories: joint reception (JR) and coordinated

scheduling and beamforming (CS/CB). With JR, a physical uplink shared channel (PUSCH)

transmitted by the wireless device (e.g., UE) can be received jointly at multiple points at a time

frame. The set of the multiple points can constitute the CoMP reception point (RP) set, and can

be included in part of UL CoMP cooperating set or in an entire UL CoMP cooperating set. JR

can be used to improve the received signal quality. In CS/CB, user scheduling and precoding

selection decisions can be made with coordination among points corresponding to the UL CoMP

cooperating set. With CS/CB, PUSCH transmitted by the UE can be received at one point.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the disclosure will be apparent from the detailed description

which follows, taken in conjunction with the accompanying drawings, which together illustrate,

by way of example, features of the disclosure; and, wherein:

FIG. 1 illustrates a block diagram of various component carrier (CC) bandwidths in

accordance with an example;



FIG. 2A illustrates a block diagram of multiple contiguous component carriers in

accordance with an example;

FIG. 2B illustrates a block diagram of intra-band non-contiguous component carriers in

accordance with an example;

FIG. 2C illustrates a block diagram of inter-band non-contiguous component carriers in

accordance with an example;

FIG. 3A illustrates a block diagram of a symmetric-asymmetric carrier aggregation

configuration in accordance with an example;

FIG. 3B illustrates a block diagram of an asymmetric-symmetric carrier aggregation

configuration in accordance with an example;

FIG. 4 illustrates a block diagram of uplink radio frame resources (e.g., a resource grid) in

accordance with an example;

FIG. 5 illustrates a block diagram of frequency hopping for a physical uplink control

channel (PUCCH) in accordance with an example;

FIG. 6 illustrates a table of physical uplink control channel (PUCCH) reporting types per

PUCCH reporting mode and mode state in accordance with an example;

FIG. 7A illustrates a block diagram of a homogenous network using an intra-site

coordinated multipoint (CoMP) system (e.g., CoMP scenario 1) in accordance with an example;

FIG. 7B illustrates a block diagram of a homogenous network with high transmission

power using an inter-site coordinated multipoint (CoMP) system (e.g., CoMP scenario 2) in

accordance with an example;

FIG. 7C illustrates a block diagram of a coordinated multipoint (CoMP) system in a

heterogeneous network with low power nodes (e.g., CoMP scenario 3 or 4) in accordance with

an example;

FIG. 8 depicts functionality of computer circuitry of a user equipment (UE) operable to

report periodic channel state information (CSI) configured in a specified transmission mode in

accordance with an example;

FIG. 9 depicts a flow chart of a method for periodic channel state information (CSI)

reporting in a coordinated multipoint (CoMP) scenario at a wireless device in accordance with an

example;

FIG. 10 illustrates a block diagram of a serving node, a coordination node, and wireless

device in accordance with an example; and

FIG. 11 illustrates a diagram of a wireless device (e.g., UE) in accordance with an example.

Reference will now be made to the exemplary embodiments illustrated, and specific

language will be used herein to describe the same. It will nevertheless be understood that no



limitation of the scope of the invention is thereby intended.

DETAILED DESCRIPTION

Before the present invention is disclosed and described, it is to be understood that this

invention is not limited to the particular structures, process steps, or materials disclosed herein,

but is extended to equivalents thereof as would be recognized by those ordinarily skilled in the

relevant arts. It should also be understood that terminology employed herein is used for the

purpose of describing particular examples only and is not intended to be limiting. The same

reference numerals in different drawings represent the same element. Numbers provided in flow

charts and processes are provided for clarity in illustrating steps and operations and do not

necessarily indicate a particular order or sequence.

EXAMPLE EMBODIMENTS

An initial overview of technology embodiments is provided below and then specific

technology embodiments are described in further detail later. This initial summary is intended to

aid readers in understanding the technology more quickly but is not intended to identify key

features or essential features of the technology nor is it intended to limit the scope of the claimed

subject matter.

An increase in the amount of wireless data transmission has created congestion in wireless

networks using licensed spectrum to provide wireless communication services for wireless

devices, such as smart phones and tablet devices. The congestion is especially apparent in high

density and high use locations such as urban locations and universities.

One technique for providing additional bandwidth capacity to wireless devices is through

the use carrier aggregation of multiple smaller bandwidths to form a virtual wideband channel at

a wireless device (e.g., UE). In carrier aggregation (CA) multiple component carriers (CC) can

be aggregated and jointly used for transmission to/from a single terminal. Carriers can be signals

in permitted frequency domains onto which information is placed. The amount of information

that can be placed on a carrier can be determined by the aggregated carrier's bandwidth in the

frequency domain. The permitted frequency domains are often limited in bandwidth. The

bandwidth limitations can become more severe when a large number of users are simultaneously

using the bandwidth in the permitted frequency domains.

FIG. 1 illustrates a carrier bandwidth, signal bandwidth, or a component carrier (CC) that

can be used by the wireless device. For example, the LTE CC bandwidths can include: 1.4 MHz

210, 3 MHz 212, 5 MHz 214, 10 MHz 216, 15 MHz 218, and 20 MHz 220. The 1.4 MHz CC

can include 6 resource blocks (RBs) comprising 72 subcarriers. The 3 MHz CC can include 15



RBs comprising 180 subcarriers. The 5 MHz CC can include 25 RBs comprising 300

subcarriers. The 10 MHz CC can include 50 RBs comprising 600 subcarriers. The 15 MHz CC

can include 75 RBs comprising 900 subcarriers. The 20 MHz CC can include 100 RBs

comprising 1200 subcarriers.

Carrier aggregation (CA) enables multiple carrier signals to be simultaneously

communicated between a user's wireless device and a node. Multiple different carriers can be

used. In some instances, the carriers may be from different permitted frequency domains.

Carrier aggregation provides a broader choice to the wireless devices, enabling more bandwidth

to be obtained. The greater bandwidth can be used to communicate bandwidth intensive

operations, such as streaming video or communicating large data files.

FIG. 2A illustrates an example of carrier aggregation of continuous carriers. In the

example, three carriers are contiguously located along a frequency band. Each carrier can be

referred to as a component carrier. In a continuous type of system, the component carriers are

located adjacent one another and can be typically located within a single frequency band (e.g.,

band A). A frequency band can be a selected frequency range in the electromagnetic spectrum.

Selected frequency bands are designated for use with wireless communications such as wireless

telephony. Certain frequency bands are owned or leased by a wireless service provider. Each

adjacent component carrier may have the same bandwidth, or different bandwidths. A bandwidth

is a selected portion of the frequency band. Wireless telephony has traditionally been conducted

within a single frequency band. In contiguous carrier aggregation, only one fast Fourier

transform (FFT) module and/or one radio frontend may be used. The contiguous component

carriers can have similar propagation characteristics which can utilize similar reports and/or

processing modules.

FIGS. 2B-2C illustrates an example of carrier aggregation of non-continuous component

carriers. The non-continuous component carriers may be separated along the frequency range.

Each component carrier may even be located in different frequency bands. Non-contiguous

carrier aggregation can provide aggregation of a fragmented spectrum. Intra-band (or single-

band) non-contiguous carrier aggregation provides non-contiguous carrier aggregation within a

same frequency band (e.g., band A), as illustrated in FIG. 2B. Inter-band (or multi-band) non-

contiguous carrier aggregation provides non-contiguous carrier aggregation within different

frequency bands (e.g., bands A, B, or C), as illustrated in FIG. 2C. The ability to use component

carriers in different frequency bands can enable more efficient use of available bandwidth and

increases the aggregated data throughput.

Network symmetric (or asymmetric) carrier aggregation can be defined by a number of

downlink (DL) and uplink (UL) component carriers offered by a network in a sector. UE



symmetric (or asymmetric) carrier aggregation can be defined by a number of downlink (DL)

and uplink (UL) component carriers configured for a UE. The number of DL CCs may be at

least the number of UL CCs. A system information block type 2 (SIB2) can provide specific

linking between the DL and the UL. FIG. 3A illustrates a block diagram of a symmetric -

asymmetric carrier aggregation configuration, where the carrier aggregation is symmetric

between the DL and UL for the network and asymmetric between the DL and UL for the UE.

FIG. 3B illustrates a block diagram of an asymmetric-symmetric carrier aggregation

configuration, where the carrier aggregation is asymmetric between the DL and UL for the

network and symmetric between the DL and UL for the UE.

A component carrier can be used to carry channel information via a radio frame structure

transmitted on the physical (PHY) layer in a uplink transmission between a node (e.g., eNodeB)

and the wireless device (e.g., UE) using a generic long term evolution (LTE) frame structure, as

illustrated in FIG. 4. While an LTE frame structure is illustrated, a frame structure for an IEEE

802.16 standard (WiMax), an IEEE 802.11 standard (WiFi), or another type of communication

standard using SC-FDMA or OFDMA may also be used.

FIG. 4 illustrates an uplink radio frame structure. In the example, a radio frame 100 of a

signal used to transmit control information or data can be configured to have a duration, of 10

milliseconds (ms). Each radio frame can be segmented or divided into ten subframes HOi that

are each 1 ms long. Each subframe can be further subdivided into two slots 120a and 120b, each

with a duration, siot, of 0.5 ms. Each slot for a component carrier (CC) used by the wireless

device and the node can include multiple resource blocks (RBs) 130a, 130b, 130i, 130m, and

130n based on the CC frequency bandwidth. Each RB (physical RB or PRB) 130i can include

12 - 15kHz subcarriers 136 (on the frequency axis) and 6 or 7 SC-FDMA symbols 132 (on the

time axis) per subcarrier. The RB can use seven SC-FDMA symbols if a short or normal cyclic

prefix is employed. The RB can use six SC-FDMA symbols if an extended cyclic prefix is used.

The resource block can be mapped to 84 resource elements (REs) 140i using short or normal

cyclic prefixing, or the resource block can be mapped to 72 REs (not shown) using extended

cyclic prefixing. The RE can be a unit of one SC-FDMA symbol 142 by one subcarrier (i.e.,

15kHz) 146. Each RE can transmit two bits 150a and 150b of information in the case of

quadrature phase-shift keying (QPSK) modulation. Other types of modulation may be used,

such as 16 quadrature amplitude modulation (QAM) or 64 QAM to transmit a greater number of

bits in each RE, or bi-phase shift keying (BPSK) modulation to transmit a lesser number of bits

(a single bit) in each RE. The RB can be configured for an uplink transmission from the wireless

device to the node.

Reference signals (RS) can be transmitted by SC-FDMA symbols via resource elements in



the resource blocks. Reference signals (or pilot signals or tones) can be a known signal used for

various reasons, such as to synchronize timing, estimate a channel, and/or noise in the channel.

Reference signals can be received and transmitted by wireless devices and nodes. Different

types of reference signals (RS) can be used in a RB. For example, in LTE systems, uplink

reference signal types can include a sounding reference signal (SRS) and a UE-specific reference

signal (UE-specific RS or UE-RS) or a demodulation reference signal (DM-RS). In LTE

systems, downlink reference signal types can include channel state information reference signals

(CSI-RS) which can be measured by a wireless device to provide CSI reports on a channel.

An uplink signal or channel can include data on a Physical Uplink Shared CHannel

(PUSCH) or control information on a Physical Uplink Control CHannel (PUCCH). In LTE, the

uplink physical channel (PUCCH) carrying uplink control information (UCI) can include

channel state information (CSI) reports, Hybrid Automatic Retransmission reQuest (HARQ)

ACKnowledgment/Negative ACKnowledgment (ACK/NACK) and uplink scheduling requests

(SR).

The wireless device can provide aperiodic CSI reporting using the PUSCH or periodic CSI

reporting using PUCCH. The PUCCH can support multiple formats (i.e., PUCCH format) with

various modulation and coding schemes (MCS), as shown for LTE in Table 1. For example,

PUCCH format 3 can be used to convey multi-bit HARQ-ACK, which can be used for carrier

aggregation.

Table 1

In another example, PUCCH format 2 can use frequency hopping, as illustrated in FIG. 5.

Frequency hopping can be a method of transmitting radio signals by rapidly switching a carrier

among many frequency channels using a pseudorandom sequence or specified sequence known

to both a transmitter (e.g., UE in an uplink) and a receiver (e.g., eNB in the uplink). Frequency

hopping can enable the UE to exploit the frequency diversity of a wideband channel used in LTE

in an uplink while keeping a contiguous allocation (in the time domain).

The PUCCH can include various channel state information (CSI) reports. The CSI



components in the CSI reports can include a channel quality indicator (CQI), a precoding matrix

indicator (PMI), a precoding type indicator (PTI), and/or rank indication (RI) reporting type.

The CQI can be signaled by a UE to the eNodeB to indicate a suitable data rate, such as a

modulation and coding scheme (MCS) value, for downlink transmissions, which can be based on

a measurement of the received downlink signal to interference plus noise ratio (SINR) and

knowledge of the UE's receiver characteristics. The PMI can be a signal fed back by the UE to

support multiple-input multiple-output (MIMO) operation. The PMI can correspond to an index

of the precoder (within a codebook shared by the UE and eNodeB), which can maximize an

aggregate number of data bits which can be received across all downlink spatial transmission

layers. PTI can be used to distinguish slow from fast fading environments. The RI can be

signaled to the eNodeB by UEs configured for PDSCH transmission modes 3 (e.g., open-loop

spatial multiplexing) and 4 (e.g., closed-loop spatial multiplexing). RI can correspond to a

number of useful transmission layers for spatial multiplexing (based on the UE's estimate of the

downlink channel), enabling the eNodeB to adapt the PDSCH transmissions accordingly.

The granularity of a CQI report can be divided into three levels: wideband, UE selected

subband, and higher layer configured subband. The wideband CQI report can provide one CQI

value for an entire downlink system bandwidth. The UE selected subband CQI report can divide

the system bandwidth into multiple subbands, where the UE can select a set of preferred

subbands (the best M subbands), then report one CQI value for the wideband and one differential

CQI value for the set (assuming transmission only over the selected M subbands). The higher

layer configured subband CQI report can provide a highest granularity. In the higher layer

configured subband CQI report, the wireless device can divide the entire system bandwidth into

multiple subbands, then reports one wideband CQI value and multiple differential CQI values,

such as one for each subband.

The UCI carried by the PUCCH can use different PUCCH reporting types (or CQI/PMI

and RI reporting types) to specify which CSI reports are being transmitted. For example,

PUCCH reporting Type 1 can support CQI feedback for UE selected sub-bands; Type l a can

support subband CQI and second PMI feedback; Type 2, Type 2b, and Type 2c can support

wideband CQI and PMI feedback; Type 2a can support wideband PMI feedback; Type 3 can

supports RI feedback; Type 4 can supports wideband CQI; Type 5 can support RI and wideband

PMI feedback; and Type 6 can support RI and PTI feedback.

Different CSI components can be included based on the PUCCH reporting type. For

example, RI can be included in PUCCH reporting types 3, 5, or 6. Wideband PTI can be

included in PUCCH reporting type 6. Wideband PMI can be included in PUCCH reporting types

2a or 5. Wideband CQI can be included in PUCCH reporting types 2, 2b, 2c, or 4. Subband CQI



can be included in PUCCH reporting types 1 or la.

The CQI/PMI and R (PUCCH) reporting types with distinct periods and offsets can be

supported for the PUCCH CSI reporting modes illustrated by the table in FIG. 5. FIG. 5

illustrates an example for LTE of the PUCCH reporting type and payload size per PUCCH

reporting mode and mode state.

The CSI information reported can vary based on the downlink transmission scenarios used.

The various scenarios for the downlink can be reflected in different transmission modes (TMs).

For example, in LTE, TM 1 can use a single transmit antenna; TM 2 can use transmit diversity;

TM 3 can use open loop spatial multiplexing with cyclic delay diversity (CDD); TM 4 can use

closed loop spatial multiplexing; TM 5 can use multi-user MIMO (MU-MIMO); TM 6 can use

closed loop spatial multiplexing using a single transmission layer; TM 7 can use beamforming

with UE-specific RS; TM 8 can use single or dual-layer beamforming with UE-specific RS; and

TM 9 can use a multilayer transmission to support closed-loop single user MIMO (SU-MIMO)

or carrier aggregation. In an example, TM 10 can be used for coordinated multipoint (CoMP)

signaling, such as joint processing (JP), dynamic point selection (DPS), and/or coordinated

scheduling / coordinated beamforming (CS/CB).

Each transmission mode can use different PUCCH CSI reporting modes, where each

PUCCH CSI reporting mode can represent different CQI and PMI feedback types, as shown for

LTE in Table 2.

Table 2

For example, in LTE, TMs 1, 2, 3, and 7 can use PUCCH CSI reporting modes 1-0 or 2-0;

TMs 4, 5, and 6 can use PUCCH CSI reporting modes 1-1 or 2-1; TM 8 can use PUCCH CSI

reporting modes 1-1 or 2- 1 if the UE is configured with PMI/RI reporting, or PUCCH CSI

reporting modes 1-0 or 2-0 if the UE is configured without PMI/RI reporting; and TMs 9 and 10

can use PUCCH CSI reporting modes 1-1 or 2-1 if the UE is configured with PMLRI reporting

and number of CSI-RS ports is greater than one, or PUCCH CSI reporting modes 1-0 or 2-0 if



the UE is configured without PMI/RI reporting or number of CSI-RS ports is equal to one.

Based on the downlink transmission scheme (e.g., transmission mode), a UE can generate more

CSI reports than may be permitted to be transmitted to nodes (e.g., eNBs) without generating a

signal collision or interference. The wireless device (e.g. UE) may make a determination on the

CSI reports to keep and transmit and which CSI reports to drop or discard (and not transmit) to

avoid a collision on a subframe.

In CSI reporting, the PUCCH format 2 can convey 4 to 11 CSI (CQI/PMI/PTI/RI) bits

from the UE to the eNB. In carrier aggregation, each serving cell can be independently

configured by radio resource control (RRC) signaling regarding a CSI configuration, such as a

periodicity, a starting offset, or a PUCCH mode. However, the transmission of CSI using

PUCCH format 2 may only be performed in primary cell. In an example using PUCCH format

2, one CSI report for a specified serving cell may be transmitted while the remaining CSI reports

for other serving cells may be dropped when more than one CSI report for multiple serving cells

has a potential to collide with each other in a same subframe. Dropping the CSI reports for other

serving cells may prevent the collision of the CSI reports in the same subframe. In an example,

the criteria used to determine the priority of a periodic CSI reports transmitted and the periodic

CSI reports that are dropped can be based on a PUCCH reporting type with a lower CSI

reporting type priority being dropped. PUCCH reporting types 3, 5, 6, and 2a can have a highest

or top priority, and PUCCH reporting types 2, 2b, 2c, and 4 can have a next priority or a second

priority, and PUCCH reporting types 1 and l a can have a third or lowest priority. So, the UE can

drop the CSI reports with PUCCH reporting types 1, 1a, first, then drop the CSI reports with

PUCCH reporting types 2, 2b, 2c, and 4, second, then drop any CSI reports with PUCCH

reporting types 3, 5, 6, and 2a above the number of CSI report(s) to be transmitted. In an

example, a CSI report can be generated for each component carrier (CC). Each CC can be

represented by a serving cell index (i.e., ServCelllndex). Among CSI reports having reporting

types with a same priority (e.g., PUCCH reporting types 3, 5, 6, and 2a), a priority of a cell can

decrease as the corresponding serving cell index (i.e., ServCelllndex) increases (i.e., the lower

cell index has higher priority).

In another example, the CSI report priority can be based on the CSI component, where RI

and wideband PMI reporting have a higher priority than CQI reporting, and wideband CQI

reporting has a higher priority than subband CQI reporting. RI can have a higher priority

because RI can provide general information about a network channel conditions. In an example,

PMI and CQI can be dependent on RI. Wideband CQI can have higher priority than subband

CQI, because wideband CQI can provide general quality information about a channel or to a

worst case scenario of the channel, whereas the subband CQI provides narrower subband channel



quality information.

In an example, additional CSI reports can be generated in a Coordinated Multipoint

(CoMP) system. Additional criteria for dropping CSI reports may be used in a CoMP system. A

CoMP system (also known as multi-eNodeB multiple input multiple output [MIMO]) can be

used to improve interference mitigation. At least four basic scenarios can be used for CoMP

operation.

FIG. 7A illustrates an example of a coordination area 308 (outlined with a bold line) of an

intra-site CoMP system in a homogenous network, which can illustrate LTE CoMP scenario 1.

Each node 310A and 312B-G can serve multiple cells (or sectors) 320A-G, 322A-G, and 324A-G.

The cell can be a logical definition generated by the node or geographic transmission area or sub-

area (within a total coverage area) covered by the node, which can include a specific cell

identification (ID) that defines the parameters for the cell, such as control channels, reference

signals, and component carriers (CC) frequencies. By coordinating transmission among multiple

cells, interference from other cells can be reduced and the received power of the desired signal

can be increased. The nodes outside the CoMP system can be non-cooperating nodes 3 12B-G.

In an example, the CoMP system can be illustrated as a plurality of cooperating nodes (not

shown) surrounded by a plurality of non-cooperating nodes.

FIG. 7B illustrates an example of an inter-site CoMP system with high high power remote

radio heads (RRHs) in a homogenous network, which can illustrate LTE CoMP scenario 2. A

coordination area 306 (outlined with a bold line) can include eNBs 310A and RRHs 314H-M,

where each RRH can be configured to communicate with the eNB via a backhaul link (optical or

wired link). The cooperating nodes can include eNBs and RRHs. In a CoMP system, the nodes

can be grouped together as cooperating nodes in adjacent cells, where the cooperating nodes

from multiple cells can transmit signals to the wireless device 302 and receive signals from the

wireless device. The cooperating nodes can coordinate transmission/reception of signals from/to

the wireless device 302 (e.g., UE). The cooperating node of each CoMP system can be included

in a coordinating set. A CSI report may be generated on a CSI process based on transmissions

from each coordinating set.

FIG. 7C illustrates an example of a CoMP system with low power nodes (LPNs) in a macro

cell coverage area. FIG. 7C can illustrate LTE CoMP scenarios 3 and 4. In the intra-site CoMP

example illustrated in FIG. 7C, LPNs (or RRHs) of a macro node 310A may be located at

different locations in space, and CoMP coordination may be within a single macrocell. A

coordination area 304 can include eNBs 310A and LPNs 380N-S, where each LPN can be

configured to communicate with the eNB via a backhaul link 332 (optical or wired link). A cell

326A of a macro node may be further sub-divided into sub-cells 330N-S. LPNs (or RRHs)



380N-S may transmit and receive signals for a sub-cell. A wireless device 302 can be on a sub-

cell edge (or cell-edge) and intra-site CoMP coordination can occur between the LPNs (or

RRHs) or between the eNB and the LPNs. In CoMP scenario 3, the low power RRHs providing

transmission/reception points within the macrocell coverage area can have different cell IDs

from the macro cell. In CoMP scenario 4, the low power RRHs providing transmission/reception

points within the macrocell coverage area can have a same cell ID as the macro cell.

Downlink (DL) CoMP transmission can be divided into two categories: coordinated

scheduling or coordinated beamforming (CS/CB or CS/CBF), and joint processing or joint

transmission (JP/JT). With CS/CB, a given subframe can be transmitted from one cell to a given

mobile communication device (UE), and the scheduling, including coordinated beamforming, is

dynamically coordinated between the cells in order to control and/or reduce the interference

between different transmissions. For joint processing, joint transmission can be performed by

multiple cells to a mobile communication device (UE), in which multiple nodes transmit at the

same time using the same time and frequency radio resources and dynamic cell selection. Two

methods can be used for joint transmission: non-coherent transmission, which uses soft-

combining reception of the OFDM signal; and coherent transmission, which performs precoding

between cells for in-phase combining at the receiver. By coordinating and combining signals

from multiple antennas, CoMP, allows mobile users to enjoy consistent performance and quality

for high-bandwidth services whether the mobile user is close to the center of a cell or at the outer

edges of the cell.

Even with a single serving cell (i.e., single component carrier (CC) scenario), multiple

periodic CSI reports may be transmitted for DL CoMP. The PUCCH report can define the

format and uplink resources on which CSI can be provided, i.e., the PUCCH report configuration

can define how to transmit the CSI feedback. For CoMP operations, measuring the CSI can be

defined by a "CoMP CSI process", which can include a configuration of a channel and

interference part. Therefore, different CSI reports can be associated with different processes. For

example, the CoMP CSI measurement associated with one CoMP CSI process can be transmitted

using periodic or aperiodic feedback modes.

The multiple periodic CSI processes can be configured by the network using certain IDs or

index numbers in order to facilitate the multiple periodic CSI feedbacks. As used herein, the CSI

process index (CSIProcessIndex or CSIProcessID) refers to such realization of multiple periodic

CSI processes. For example, if a serving cell (e.g., serving node) configures three periodic CSI

processes, the network can configure three CSI periodic processes and the CSIProcessIndex can

be numbered as 0, 1, and 2. Each periodic CSI process can be configured by RRC signaling

independently.



In legacy LTE, only one periodic CSI report may be transmitted by PUCCH format 2, 2a,

or 2b. In a case, where more than one periodic CSI transmission coincides in a subframe, only

one periodic CSI report may be transmitted and the remaining periodic CSI reports may be

dropped. Although the multiple periodic CSI reports can be transmitted on either the PUCCH

with PUCCH format 3 or the PUSCH, the maximum payload for aggregated periodic CSI can

still be limited. For example, up to 22 information bits can be conveyed using PUCCH format 3.

Thus, if the number of aggregated periodic CSI bits exceeds 22 bits, the remaining CSI reports

may be dropped. In an example, if PUCCH format 2 is used for periodic CSI transmission, only

one CSI process may be selected for the transmission regardless of the capacity criterion.

Various methods can be used to determine what CSI process or CSI report can be dropped

when the CSIProcessID is used. For illustration purposes, the PUCCH with the PUCCH format

3, which can convey multiple CSI, is assumed, however the same principle can be used in other

cases, such as other PUCCH formats or PUSCH.

If aggregated periodic CSI information bits do not exceed a maximum capacity of a certain

PUCCH format (e.g., PUCCH format 2, PUCCH format 3, PUSCH, or other formats), the

aggregated periodic CSI can be transmitted on the corresponding PUCCH format. Otherwise

(i.e., if the aggregated periodic CSI information bits exceed the maximum capacity of the certain

PUCCH format), the periodic CSIs among the CSI processes can be selected such that the

aggregated periodic CSI payload is a largest number of CSI processes not more than the

maximum capacity for the PUCCH format used in the PUCCH. For example, if the number of

CSI processes is 5 and PUCCH format 3 is used and if the number of CSI bits is 11 for each CSI

process, the CSI for only two CSI processes may be transmitted on PUCCH format 3 and the

remaining 3 CSI processes may be dropped.

Various methods can be used to determine a priority rule for dropping CSI processes and/or

reports. PUCCH using PUCCH format 3 with multi-process CSI transmission or PUCCH format

2 with a single CSI process can be used. For example, if the PUCCH uses PUCCH format 2 for

periodic CSI transmission, only one CSI process may be selected for the transmission regardless

of the capacity criterion.

In a method (i.e., method 1), the priority for retaining (or dropping) the CSI processes in a

colliding subframe (or potentially colliding subframe) can first be determined by a PUCCH

reporting type and/or PUCCH reporting mode. A first or highest priority CSI process can be

given to PUCCH reporting Types 3, 5, 6, and 2a, then a next or second priority CSI process can

be given to PUCCH reporting Types 2, 2b, 2c, and 4, then a third or last priority CSI process can

be given to PUCCH reporting Types 1 and la.

If the aggregated number of CSI bits still exceeds 22 bits with PUCCH format 3 or more



than one CSI process remains with PUCCH format 2, one of two rules can be used. Using a first

rule, a CQI/PMI/PTI/RI reporting priorities among the CSI processes with a same priority of

PUCCH reporting mode and/or types can be determined based on the CSI process index (e.g.,

CSIProcessID). For example, a priority of a CSI process ID decreases as the corresponding CSI

process ID increases, thus a lower CSI process ID can have a higher priority. Using a second

rule, the priority of the can be CSI process configured by RRC signaling.

In another method (i.e., method 2), a priority for retaining (or dropping) the CSI processes

in a colliding subframe can be given by RRC signaling. In an example, a maximum capacity for

PUCCH format 2 can be 11 bits, PUCCH format 3 can be 22 bits, and PUSCH can be 55 bits.

A priority for retaining (or dropping) the CSI reports can also be determined for a

simultaneous usage of carrier aggregation (using a ServCelllndex) and CoMP scenarios (using a

CSIProcessID or CSIProcessIndex), such as transmission mode 10. The priorities for dropping

CSI reports can be defined considering both a carrier and CSI process domain.

For example, in a method (i.e., method A), the priority for the CSI processes and

component carrier used for dropping (or retaining) CSI reports in a colliding subframe (or

potentially colliding subframe) can first be based on a PUCCH reporting type and/or PUCCH

reporting mode. A first or highest priority CSI process can be given to PUCCH reporting Types

3, 5, 6, and 2a, then a next or second priority CSI process can be given to PUCCH reporting

Types 2, 2b, 2c, and 4, then a third or last priority CSI process can be given to PUCCH reporting

Types 1 and la.

If an aggregated number of CSI bits is still more than 22 with PUCCH format 3 or more

than one CSI process still remains with PUCCH format 2, one of three rules can be used. Using

a first rule, a CQI/PMI/PTI/RI reporting priorities among the serving cells with the same priority

of PUCCH reporting modes and/or types can be determined based on the serving cell indices

(e.g., ServCelllndex). Priority of a cell can decrease as a corresponding serving cell index

increases.

If the aggregated number of CSI bits is still more than 22 with PUCCH format 3 or more

than one CSI process still remains with PUCCH format 2, the CQI/PMI/PTI/RI reporting

priorities among the CSI processes with the same priority of PUCCH reporting mode and/or

types and with a same serving cell index can be determined based on a CSI process index (e.g.,

CSIProcessID or CSIProcessIndex). Priority of a CSI process index can decrease as a

corresponding CSI process index increases.

Using a second rule, the CQI/PMI/PTI/RI reporting priorities among the CSI processes for

each serving cell with the same priority of PUCCH reporting mode and/or types can be

determined based on the CSI process index (e.g., CSIProcessID or CSIProcessIndex). Priority of



a CSI process index can decrease as a corresponding CSI process index increases.

If the aggregated number of CSI bits is still more than 22 with PUCCH format 3 or more

than one CSI process still remains with PUCCH format 2, the CQI/PMI/PTI/RI reporting

priorities among the serving cells with the same priority of PUCCH reporting mode and/or types

and with a same CSI process index can be determined based on a serving cell index (e.g.,

ServCelllndex). Priority of a cell can decrease as a corresponding serving cell index increases.

Using a third rule, the priority across CCs used in carrier aggregation and/or CSI process

indices used in CoMP scenarios can be configured by RRC signaling.

In another method (i.e., method B), all the priorities for the CSI processes used in CoMP

scenarios and the component carrier used in carrier aggregation can be configured by RRC

signaling.

In another method (i.e., method C), the CSI process index can be uniquely defined across

serving cells and CSI processes (i.e., the unique CSI process index can be combination of the

CSIProcessIndex and the ServCelllndex). In an example, the CSI process index can be

determined and communicated via RRC signaling. For example, with two serving cell

aggregations and three CSI processes per serving cell, the total number of CSI processes can be

uniquely defined for 6 CSI processes (i.e., per CSI process 0, 1, 2, 3, 4, and 5.

Using a unique CSI process index, the priority for the CSI processes used for dropping (or

retaining) CSI reports in a colliding subframe (or potentially colliding subframe) can first be

based on a PUCCH reporting type and/or PUCCH reporting mode. A first or highest priority CSI

process can be given to PUCCH reporting Types 3, 5, 6, and 2a, then a next or second priority

CSI process can be given to PUCCH reporting Types 2, 2b, 2c, and 4, then a third or last priority

CSI process can be given to PUCCH reporting Types 1 and la.

If an aggregated number of CSI bits is still more than 22 with PUCCH format 3 or more

than one CSI process still remains with PUCCH format 2, the CQI/PMI/PTI/RI reporting

priorities among the CSI processes with the priority of PUCCH reporting modes and/or types can

be determined based on the CSI process index (e.g., CSIProcessID or CSIProcessIndex). Priority

of a CSI process index can decrease as a corresponding CSI process index increases.

In another method (i.e., method D), a default CSI process index can be defined on each

serving cell. Each default CSI process index can have a highest priority per each serving cell.

Using a default CSI process index for each serving cell, the priority for the CSI processes used

for dropping (or retaining) CSI reports in a colliding subframe (or potentially colliding subframe)

can first be based on a PUCCH reporting type and/or PUCCH reporting mode. A first or highest

priority CSI process can be given to PUCCH reporting Types 3, 5, 6, and 2a, then a next or

second priority CSI process can be given to PUCCH reporting Types 2, 2b, 2c, and 4, then a third



or last priority CSI process can be given to PUCCH reporting Types 1 and la.

If an aggregated number of CSI bits is still more than 22 with PUCCH format 3 or more

than one CSI process still remains with PUCCH format 2, the CQI/PMI/PTI/RI reporting

priorities among the default CSI processes with the priority of PUCCH reporting modes and/or

types can be determined based on the CSI process index (e.g., CSIProcessID or

CSIProcessIndex). Priority of a CSI process index can decrease as a corresponding CSI process

index increases.

A combination of the various methods is also contemplated.

In another example, a dropping rule for a combined carrier aggregation and CoMP scenario

can be used for multiplexing of CSI and HARQ-ACK using PUCCH format 3. Automatic

Repeat reQuest is a feedback mechanism whereby a receiving terminal requests retransmission

of packets which are detected to be erroneous. Hybrid ARQ is a simultaneous combination of

Automatic Retransmission reQuest (ARQ) and forward error correction (FEC) which can enables

the overhead of error correction to be adapted dynamically depending on the channel quality.

When HARQ is used and if the errors can be corrected by FEC then no retransmission may be

requested, otherwise if the errors can be detected but not corrected, a retransmission can be

requested. An ACKnowledgment (ACK) signal can be transmitted to indicate that one or more

blocks of data, such as in a PDSCH, have been successfully received and decoded. HARQ-

ACK/Negative ACKnowledgement (NACK or NAK) information can include feedback from a

receiver to the transmitter in order to acknowledge a correct reception of a packet or ask for a

new retransmission (via NACK or NAK).

In an example, for a UE configured with PUCCH format 3 for HARQ-ACK transmission,

and for a subframe where a UE is configured to transmit HARQ-ACK transmission with periodic

CSI, and for a subframe where a PUCCH format 3 resource is indicated to the UE for HARQ-

ACK transmission, the UE can transmit HARQ-ACK and a single cell periodic CSI according to

the following process. No additional PUCCH format 3 resources in addition to the format 3

resource may be configured for HARQ-ACK and CSI multiplexing. HARQ-ACK and periodic

CSI can be jointly coded up to 22 bits including schedule requests (SR). The serving cell for

periodic CSI reporting can be selected when the selected periodic CSI report together with

HARQ-ACK feedback bits (including the SR) can fit into the PUCCH format 3 payload size.

Then the periodic CSI and HARQ-ACK bits (including SR) can be transmitted, otherwise

HARQ-ACK (including SR) without periodic CSI can be transmitted.

In a combined carrier aggregation and CoMP case, only one CSI report may be selected for

a combined CSI process and ACK/NACK (A/N) feedback on a PUCCH with PUCCH format 3.

The selected rule of method A, B, C, and D above can be used to select one periodic CSI report



for the combined CSI process and A/N on the PUCCH with PUCCH format 3.

For example, the dropping rule using method A can be represented as follows: The priority

for the CSI processes and component carrier used for dropping (or retaining) CSI reports in a

colliding subframe (or potentially colliding subframe) can first be based on a PUCCH reporting

type and/or PUCCH reporting mode. A first or highest priority CSI process can be given to

PUCCH reporting Types 3, 5, 6, and 2a, then a next or second priority CSI process can be given

to PUCCH reporting Types 2, 2b, 2c, and 4, then a third or last priority CSI process can be given

to PUCCH reporting Types 1 and la.

If more than one CSI process still remains with PUCCH format 2, a CQI/PMI/PTI/RI

reporting priorities among the CSI processes for each serving cell with the same priority of

PUCCH reporting mode and/or types can determined based on the CSI process index (e.g.,

CSIProcessID or CSIProcessIndex). Priority of a CSI process index can decrease as a

corresponding CSI process index increases.

Then if more than one CSI process still remains with PUCCH format 2, the

CQI/PMI/PTI/RI reporting priorities among the serving cells with the same priority of PUCCH

reporting mode and/or types and with a same CSI process index can be determined based on a

serving cell index (e.g., ServCelllndex). Priority of a cell can decrease as a corresponding serving

cell index increases.

Another example provides functionality 500 of computer circuitry of a user equipment

(UE) operable to report periodic channel state information (CSI) configured in a specified

transmission mode, as shown in the flow chart in FIG. 8. The functionality may be implemented

as a method or the functionality may be executed as instructions on a machine, where the

instructions are included on at least one computer readable medium or one non-transitory

machine readable storage medium. The computer circuitry can be configured to generate a

plurality of CSI reports for transmission in a subframe for a plurality of CSI processes, wherein

each CSI report corresponds to a CSI process with a CSIProcessIndex, as in block 5 10. The

computer circuitry can be further configured to drop CSI reports corresponding to CSI processes

except a CSI process with a lowest CSIProcessIndex, as in block 520. The computer circuitry

can also be configured to transmit at least one CSI report for the CSI process to an evolved Node

B (eNB), as in block 530

In an example, the computer circuitry configured to drop CSI reports can be further

configured to: Determine a selected number of CSI reports to transmit based on a physical uplink

control channel (PUCCH) format; and drop the CSI reports corresponding to all CSI processes

but the selected number of highest priority CSI reports corresponding to the CSI processes to

avoid a CSI reporting collision in the subframe. The PUCCH format can include a PUCCH



format 2, 2a, 2b, 3 with at least a one CSI report.

In another example, the computer circuitry configured to drop CSI reports can be further

configured to drop CSI reports based on a ServCelllndex except a CSI report with a lowest

ServCelllndex when the CSIProcessIndexes for the CSI reports are the same. In another

example, the computer circuitry can be further configured to drop at least one lower priority CSI

report based on a physical uplink control channel (PUCCH) reporting type of a serving cell prior

to dropping the lower priority CSI report based on the CSIProcessIndex. PUCCH reporting

types 3, 5, 6, and 2a can have a priority higher than PUCCH reporting types 1, la, 2, 2b, 2c, and

4, and PUCCH reporting types 2, 2b, 2c, and 4 have a priority higher than PUCCH reporting

types 1 and la. The highest priority CSI report can include a lowest CSIProcessIndex. In

another configuration, the computer circuitry can be further configured to assign a default CSI

process with a highest priority CSI process for a serving cell corresponding to a lowest

CSIProcessIndex. In another example, the CSIProcessIndex can be unique for a specified CSI

process and a specified serving cell. The specified transmission mode can be used for a

coordinated multipoint (CoMP) configuration. In an example, the specified transmission mode

can include transmission mode 10 used for a CoMP configuration.

Another example provides a method 600 for periodic channel state information (CSI)

reporting from a user equipment (UE) in a coordinated multipoint (CoMP) scenario, as shown in

the flow chart in FIG. 9. The method may be executed as instructions on a machine, where the

instructions are included on at least one computer readable medium or one non-transitory

machine readable storage medium. The method includes the operation of determining at the UE,

a number of CSI reports to collide in a subframe, wherein the CSI reports include a plurality of

CSI processes, wherein each CSI report corresponds to a CSI process with a CSI process index,

as in block 610. The operation of prioritizing the number of CSI reports, wherein a CSI process

with a higher priority has a lower CSI process index follows, as in block 620. The next operation

of the method can be dropping a lower priority CSI report based in part on the CSI process

index, as in block 630. The method can further include transmitting from the UE at least one

highest priority CSI report to a node, as in block 640.

The operation of prioritizing the number of CSI reports can further include prioritizing the

number of CSI reports based on a channel quality indicator (CQI)/precoding matrix indicator

(PMI)/rank indication (RI) reporting type, wherein CQI/PMI/RI reporting types 3, 5, 6, and 2a

have a priority higher than CQI/PMI/RI reporting types 1, la, 2, 2b, 2c, and 4, and CQI/PMI/RI

reporting types 2, 2b, 2c, and 4 have a priority higher than CQI/PMI/RI reporting types 1 and 1a.

In an example, the operation of prioritizing the number of CSI reports can further include

prioritizing the number of CSI reports based on a serving cell index or a component carrier (CC),



where the CC with a higher priority has a lower serving cell index, then prioritizing the number

of CSI reports based on the CSI process index. In another example, the operation of prioritizing

the number of CSI reports can further include prioritizing the number of CSI reports based on the

CSI process index, then prioritizing the number of CSI reports based on a serving cell index or a

component carrier (CC), where the CC with a higher priority has a lower serving cell index.

In another configuration, the operation of prioritizing the number of CSI reports can further

include receiving via radio resource control (RRC) signaling a priority for the CSI reports based

on a CSI process index or a component carrier (CC) for each CSI report. In another example, a

unique CSI process index can be assigned for a specified CSI process and a specified CC. In

another example, the method can further include defining a default CSI process with a highest

priority CSI process. The default CSI process can correspond to a lowest CSI process index.

The operation of transmitting the at least one highest priority CSI report can further include

transmitting a non-colliding CSI report for each at most 11 CSI bits available in a PUCCH

format. The node can include a base station (BS), a Node B (NB), an evolved Node B (eNB), a

baseband unit (BBU), a remote radio head (RRH), a remote radio equipment (RRE), a remote

radio unit (RRU).

FIG. 10 illustrates an example node (e.g., serving node 710 and cooperation node 730) and

an example wireless device 720. The node can include a node device 712 and 732. The node

device or the node can be configured to communicate with the wireless device. The node device

can be configured to receive periodic channel state information (CSI) transmission configured in

a specified transmission mode, such as transmission mode 10. The node device or the node can

be configured to communicate with other nodes via a backhaul link 740 (optical or wired link),

such as an X2 application protocol (X2AP). The node device can include a processing module

714 and 734 and a transceiver module 716 and 736. The transceiver module can be configured

to receive a periodic channel state information (CSI) in a PUCCH. The transceiver module 716

and 736 can be further configured to communicate with the coordination node via an X2

application protocol (X2AP). The processing module can be further configured to process the

periodic CSI reports of the PUCCH. The node (e.g., serving node 710 and cooperation node

730) can include a base station (BS), a Node B (NB), an evolved Node B (eNB), a baseband unit

(BBU), a remote radio head (RRH), a remote radio equipment (RRE), or a remote radio unit

(RRU).

The wireless device 720 can include a transceiver module 724 and a processing module

722. The wireless device can be configured for a periodic channel state information (CSI)

transmission configured in a specified transmission mode, such as transmission mode used in a

CoMP operation. The processing module can be configured to generate a priority of a CSI report



in a plurality of CSI reports for a subframe based on a CSI process index and a physical uplink

control channel (PUCCH) reporting type, and drop a lower priority CSI report. The CSI process

index can correspond to a downlink (DL) CoMP CSI process. The transceiver module can be

configured to transmit at least one higher priority CSI report to a node.

In an example, a highest priority CSI process for a serving cell can correspond to a lowest

CSIProcessIndex. PUCCH reporting types with rank indication (RI) or wideband precoding

matrix indicator (PMI) feedback without channel quality indicator (CQI) feedback can have a

priority higher than PUCCH reporting types with CQI feedback, and PUCCH reporting types

with wideband CQI feedback can have a priority higher than PUCCH reporting with subband

CQI feedback.

In a configuration, the processing module 722 can be further configured to prioritize the

CSI reports based on a serving cell index, then prioritize the CSI reports based on a CSI process

index. The CSI report with a lower serving cell index can have a higher priority than a CSI

report with a higher serving cell index, and the CSI report for a specified serving cell index with

a lower CSI process index can have a higher priority than a CSI report with for the specified

serving cell index with a higher CSI process index.

In another configuration, the processing module 722 can be further configured to prioritize

the CSI reports based on a CSI process index, then prioritize the CSI reports based on a serving

cell index. The CSI report with the CSI process index can have a higher priority than a CSI

report with the higher CSI process index, and the CSI report for a specified CSI process index

with a lower serving cell index can have a higher priority than a CSI report with for the specified

CSI process index with a higher serving cell index.

In another configuration, the transceiver module 724 can be further configured to receive a

priority for a CSI report with a specified CSI process index or a specified serving cell index via

radio resource control (RRC) signaling. In an example, the processing module 722 can be

further configured to prioritize the CSI reports based on a combined CSI process index and

serving cell index. The CSI report with a lower combined CSI process index and serving cell

index can have a higher priority than a CSI report with a higher combined CSI process index and

serving cell index. In another example, the processing module can be further configured to

assign a default CSI process with a highest priority CSI process. The default CSI process can

have a lowest CSI process index for a plurality of CSI processes.

In another example, the processing module 722 can be further configured to multiplex a

hybrid automatic repeat request-acknowledgement (HARQ-ACK) and a CSI report, and

determine if the CSI report with HARQ-ACK feedback bits and any scheduling request (SR) fits

into a physical uplink control channel (PUCCH) format 3 payload. The transceiver module can



be further configured to transmit the HARQ-ACK feedback bits including any SR without the

CSI report when the CSI report with HARQ-ACK feedback bits and any SR does not fit into the

PUCCH format 3 payload, and transmit the multiplexed HARQ-ACK feedback bits including

any SR with the CSI report when the CSI report with HARQ-ACK feedback bits and any SR fits

into the PUCCH format 3 payload. In another configuration, the transceiver module can be

further configured to transmit a number of non-colliding CSI reports for a physical uplink

control channel (PUCCH) format. Each CSI report can use at most 11 CSI bits.

FIG. 11 provides an example illustration of the wireless device, such as an user equipment

(UE), a mobile station (MS), a mobile wireless device, a mobile communication device, a tablet,

a handset, or other type of wireless device. The wireless device can include one or more

antennas configured to communicate with a node, macro node, low power node (LPN), or,

transmission station, such as a base station (BS), an evolved Node B (eNB), a baseband unit

(BBU), a remote radio head (RRH), a remote radio equipment (RRE), a relay station (RS), a

radio equipment (RE), or other type of wireless wide area network (WWAN) access point. The

wireless device can be configured to communicate using at least one wireless communication

standard including 3GPP LTE, WiMAX, High Speed Packet Access (HSPA), Bluetooth, and

WiFi. The wireless device can communicate using separate antennas for each wireless

communication standard or shared antennas for multiple wireless communication standards. The

wireless device can communicate in a wireless local area network (WLAN), a wireless personal

area network (WPAN), and/or a WWAN.

FIG. 11 also provides an illustration of a microphone and one or more speakers that can be

used for audio input and output from the wireless device. The display screen may be a liquid

crystal display (LCD) screen, or other type of display screen such as an organic light emitting

diode (OLED) display. The display screen can be configured as a touch screen. The touch

screen may use capacitive, resistive, or another type of touch screen technology. An application

processor and a graphics processor can be coupled to internal memory to provide processing and

display capabilities. A non-volatile memory port can also be used to provide data input/output

options to a user. The non-volatile memory port may also be used to expand the memory

capabilities of the wireless device. A keyboard may be integrated with the wireless device or

wirelessly connected to the wireless device to provide additional user input. A virtual keyboard

may also be provided using the touch screen.

Various techniques, or certain aspects or portions thereof, may take the form of program

code (i.e., instructions) embodied in tangible media, such as floppy diskettes, CD-ROMs, hard

drives, non-transitory computer readable storage medium, or any other machine-readable storage

medium wherein, when the program code is loaded into and executed by a machine, such as a



computer, the machine becomes an apparatus for practicing the various techniques. Circuitry can

include hardware, firmware, program code, executable code, computer instructions, and/or

software. A non-transitory computer readable storage medium can be a computer readable

storage medium that does not include signal. In the case of program code execution on

programmable computers, the computing device may include a processor, a storage medium

readable by the processor (including volatile and non-volatile memory and/or storage elements),

at least one input device, and at least one output device. The volatile and non-volatile memory

and/or storage elements may be a RAM, EPROM, flash drive, optical drive, magnetic hard drive,

solid state drive, or other medium for storing electronic data. The node and wireless device may

also include a transceiver module, a counter module, a processing module, and/or a clock module

or timer module. One or more programs that may implement or utilize the various techniques

described herein may use an application programming interface (API), reusable controls, and the

like. Such programs may be implemented in a high level procedural or object oriented

programming language to communicate with a computer system. However, the program(s) may

be implemented in assembly or machine language, if desired. In any case, the language may be a

compiled or interpreted language, and combined with hardware implementations.

It should be understood that many of the functional units described in this specification

have been labeled as modules, in order to more particularly emphasize their implementation

independence. For example, a module may be implemented as a hardware circuit comprising

custom VLSI circuits or gate arrays, off-the-shelf semiconductors such as logic chips, transistors,

or other discrete components. A module may also be implemented in programmable hardware

devices such as field programmable gate arrays, programmable array logic, programmable logic

devices or the like.

Modules may also be implemented in software for execution by various types of

processors. An identified module of executable code may, for instance, comprise one or more

physical or logical blocks of computer instructions, which may, for instance, be organized as an

object, procedure, or function. Nevertheless, the executables of an identified module need not be

physically located together, but may comprise disparate instructions stored in different locations

which, when joined logically together, comprise the module and achieve the stated purpose for

the module.

Indeed, a module of executable code may be a single instruction, or many instructions, and

may even be distributed over several different code segments, among different programs, and

across several memory devices. Similarly, operational data may be identified and illustrated

herein within modules, and may be embodied in any suitable form and organized within any

suitable type of data structure. The operational data may be collected as a single data set, or may



be distributed over different locations including over different storage devices, and may exist, at

least partially, merely as electronic signals on a system or network. The modules may be passive

or active, including agents operable to perform desired functions.

Reference throughout this specification to "an example" means that a particular feature,

structure, or characteristic described in connection with the example is included in at least one

embodiment of the present invention. Thus, appearances of the phrases "in an example" in

various places throughout this specification are not necessarily all referring to the same

embodiment.

As used herein, a plurality of items, structural elements, compositional elements, and/or

materials may be presented in a common list for convenience. However, these lists should be

construed as though each member of the list is individually identified as a separate and unique

member. Thus, no individual member of such list should be construed as a de facto equivalent of

any other member of the same list solely based on their presentation in a common group without

indications to the contrary. In addition, various embodiments and example of the present

invention may be referred to herein along with alternatives for the various components thereof.

It is understood that such embodiments, examples, and alternatives are not to be construed as

defacto equivalents of one another, but are to be considered as separate and autonomous

representations of the present invention.

Furthermore, the described features, structures, or characteristics may be combined in any

suitable manner in one or more embodiments. In the following description, numerous specific

details are provided, such as examples of layouts, distances, network examples, etc., to provide a

thorough understanding of embodiments of the invention. One skilled in the relevant art will

recognize, however, that the invention can be practiced without one or more of the specific

details, or with other methods, components, layouts, etc. In other instances, well-known

structures, materials, or operations are not shown or described in detail to avoid obscuring

aspects of the invention.

While the forgoing examples are illustrative of the principles of the present invention in

one or more particular applications, it will be apparent to those of ordinary skill in the art that

numerous modifications in form, usage and details of implementation can be made without the

exercise of inventive faculty, and without departing from the principles and concepts of the

invention. Accordingly, it is not intended that the invention be limited, except as by the claims

set forth below.



CLAIMS

What is claimed is:

1. A user equipment (UE) operable to report periodic channel state information (CSI)

configured in a specified transmission mode, having computer circuitry configured to:

generate a plurality of CSI reports for transmission in a subframe for a plurality of

CSI processes, wherein each CSI report corresponds to a CSI process having a

CSIProcessIndex, wherein the CSIProcessIndex represents a CSI process index;

drop CSI reports corresponding to CSI processes except a CSI process having a

lowest CSIProcessIndex; and

reporting for transmission at least one CSI report including the CSI report for the

CSI process having the lowest CSIProcessIndex.

The computer circuitry of claim 1, wherein computer circuitry configured to drop CSI

reports is further configured to:

determine a selected number of CSI reports to transmit based on a physical uplink

control channel (PUCCH) format; and

drop the CSI reports corresponding to all CSI processes but the selected number

of highest priority CSI reports corresponding to the CSI processes to avoid a CSI

reporting collision in the subframe.

The computer circuitry of claim 2, wherein the PUCCH format includes a PUCCH

format 2, 2a, 2b, 3 with at least a one CSI report, and the highest priority CSI report

includes a lowest CSIProcessIndex.

The computer circuitry of claim 1, wherein computer circuitry configured to drop CSI

reports is further configured to:

drop CSI reports based on a ServCelllndex except a CSI report with a lowest

ServCelllndex when the CSIProcessIndexes for the CSI reports are the same.

The computer circuitry of claim 1, further configured to:



drop at least one lower priority CSI report based on a physical uplink control

channel (PUCCH) reporting type of a serving cell prior to dropping the lower priority

CSI report based on the CSIProcessIndex, wherein PUCCH reporting types 3, 5, 6,

and 2a have a priority higher than PUCCH reporting types 1, la, 2, 2b, 2c, and 4, and

PUCCH reporting types 2, 2b, 2c, and 4 have a priority higher than PUCCH reporting

types 1 and la.

The computer circuitry of claim 1, further configured to:

assign a default CSI process with a highest priority CSI process for a serving cell

corresponding to a lowest CSIProcessIndex.

The computer circuitry of claim 1, wherein the CSIProcessIndex is unique for a specified

CSI process and a specified serving cell.

The computer circuitry of claim 1, wherein the specified transmission mode is used for a

coordinated multipoint (CoMP) configuration.

The computer circuitry of claim 1, further configured to:

transmit the at least one CSI report including the CSI report for the CSI process

having the lowest CSIProcessIndex to an evolved Node B (eNB).

The computer circuitry of claim 1, wherein the UE includes at least one of an antenna, a

touch sensitive display screen, a speaker, a microphone, a graphics processor, an

application processor, internal memory, a non-volatile memory port, and combinations

thereof.

A wireless device configured for a periodic channel state information (CSI) transmission

configured in a specified transmission mode, comprising:

a processing module to:

generate a priority of a CSI report in a plurality of CSI reports for a

subframe based on a CSI process index and a physical uplink control channel

(PUCCH) reporting type, and

drop a lower priority CSI report, wherein the CSI process index

corresponds to a downlink (DL) CoMP CSI process; and

a transceiver module to transmit at least one higher priority CSI report to a node.



12. The wireless device of claim 11, wherein a highest priority CSI process for a serving cell

corresponds to a lowest CSIProcessIndex, and PUCCH reporting types with rank

indication (RI) or wibeband precoding matrix indicator (PMI) feedback without channel

quality indicator (CQI) feedback have a priority higher than PUCCH reporting types with

CQI feedback, and PUCCH reporting types with wideband CQI feedback have a priority

higher than PUCCH reporting with subband CQI feedback.

13. The wireless device of claim 11, wherein the processing module is further configured to:

prioritize the CSI reports based on a serving cell index, then prioritize the CSI

reports based on a CSI process index, wherein the CSI report with a lower serving

cell index has a higher priority than a CSI report with a higher serving cell index, and

the CSI report for a specified serving cell index with a lower CSI process index has a

higher priority than a CSI report with for the specified serving cell index with a

higher CSI process index, or

prioritize the CSI reports based on a CSI process index, then prioritize the CSI

reports based on a serving cell index, wherein the CSI report with the CSI process

index has a higher priority than a CSI report with the higher CSI process index, and

the CSI report for a specified CSI process index with a lower serving cell index has a

higher priority than a CSI report with for the specified CSI process index with a

higher serving cell index.

14. The wireless device of claim 11, wherein the transceiver module is further configured to

receive a priority for a CSI report with a specified CSI process index or a specified

serving cell index via radio resource control (RRC) signaling.

15. The wireless device of claim 11, wherein:

the processing module is further configured to:

multiplex a hybrid automatic repeat request-acknowledgement (HARQ-ACK) and

a CSI report, and

determine if the CSI report with HARQ-ACK feedback bits and any scheduling

request (SR) fits into a physical uplink control channel (PUCCH) format 3 payload;

and

the transceiver module is further configured to:



transmit the HARQ-ACK feedback bits including any SR without the CSI report

when the CSI report with HARQ-ACK feedback bits and any SR does not fit into the

PUCCH format 3 payload, and

transmit the multiplexed HARQ-ACK feedback bits including any SR with the

CSI report when the CSI report with HARQ-ACK feedback bits and any SR fits into

the PUCCH format 3 payload.

16. The wireless device of claim 11, wherein the transceiver module is further configured to

transmit a number of non-colliding CSI reports for a physical uplink control channel

(PUCCH) format, wherein each CSI report uses at most 11 CSI bits.

17. The wireless device of claim 11, wherein the wireless device is selected from the group

consisting of a user equipment (UE) and a mobile station (MS), and the wireless device

includes at least one of an antenna, a touch sensitive display screen, a speaker, a

microphone, a graphics processor, an application processor, internal memory, a non

volatile memory port, and combinations thereof.

18. A method for periodic channel state information (CSI) reporting from a user equipment

(UE) in a coordinated multipoint (CoMP) scenario, comprising:

determining at the UE, a number of CSI reports to collide in a subframe, wherein

the CSI reports include a plurality of CSI processes, wherein each CSI report

corresponds to a CSI process with a CSI process index;

prioritizing the number of CSI reports, wherein a CSI process with a higher

priority has a lower CSI process index;

dropping a lower priority CSI report based in part on the CSI process index; and

transmitting from the UE at least one highest priority CSI report to a node.

19. The method of claim 18, wherein prioritizing the number of CSI reports further

comprises:

prioritizing the number of CSI reports based on a channel quality indicator

(CQI)/precoding matrix indicator (PMI)/rank indication (RI) reporting type, wherein

CQ PM RI reporting types 3, 5, 6, and 2a have a priority higher than CQI/PMI/RI

reporting types 1, la, 2, 2b, 2c, and 4, and CQI/PMI/RI reporting types 2, 2b, 2c, and

4 have a priority higher than CQI/PMI/RI reporting types 1 and 1a.



20. A computer program comprising a computer program code means adapted to perform the

method of claim 18.





























A. CLASSIFICATION OF SUBJECT MATTER

H04W 24/10(2009.01)i, H04B 7/26(2006.01)i, H04J ll/00(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; H04B 7/26; H04J 11/00

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: periodic CSI, CoMP, lowest, CSI process index, drop, priority, PUCCH report type

DOCUMENTS CONSIDERED TO BE RELEVANT

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

FUJ ITSU , Emai l d i scuss i on [69-10] : Det a i l s o f co l 1i s i on handl ing and compre 1 ,4 , 5 , 8-12, 17-20
s s i on/mul t i p l exing in case of 2 or more CSI s be ing conf igured in the same r e
port ing inst ance for CoMP CSI feedback ' , Rl-122930 , 3GPP TSG-RAN WG1 #69 , P
gague , Czech, 21-25 May 2012
See pages 1-30 .

2 , 3 , 6 , 7 , 13-16

INTEL CORP . , Per i odi c and aper i odi c CSI feedback modes for DL CoMP ' , Rl-122 1-20
628 , 3GPP TSG-RAN WG1 #69 , Prague , Czech, 21-25 May 2012
See pages 1-3 .

NTT DOCOMO, " CSI Feedback Scheme for Re l-11 CoMP ' , Rl-121979 , 3GPP TSG-RAN W 1-20
Gl #69 , Prague , Czech , 21-25 May 2012
See pages 1-5 .

LG ELECTRONICS , " Mul t i -ce l l Per i odi c CSI Transmi s s i on ' , Rl-122269 , 3GPP TSG- 1-20
RAN WG1 #69 , Prague , Czech , 21-25 May 2012
See pages 1-4 .

MEDIATEK INC. , " Per i odi c CSI Feedback for CoMP ' , Rl-122159 , 3GPP TSG-RAN WG1 1-20
#69 , Prague , Czech , 21-25 May 2012

See pages 1-2 .

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

17 October 2013 (17. 10.2013) 18 October 2013 (18.10.2013)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office ·
¾ 189 Cheongsa-ro, Seo-gu, Daej eon Metropolitan City, YANG Jeong Rok

¾ 2 -7 R Public ofKorea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5709

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



Information on patent family members PCT/US2013/048019

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

None

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


	abstract
	description
	claims
	drawings
	wo-search-report

