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(57) Abstract: Aperiodic channel state information (CSI) reporting is discussed. 
An example user equipment includes a receiver circuit, processor, and transmitter 
circuit. The receiver circuit receives transmissions from a plurality of serving 
cells via a carrier aggregation (CA) mode and receives an aperiodic CSI reporting 
request indicating a set for CSI reporting. The plurality of serving cells comprises 
at least six serving cells, and one or more of the plurality is associated with the in­
dicated set. The processor is operably coupled to the receiver circuit and calcu­
lates one or more CSI parameters for each serving cell of the plurality that is asso -
ciated with the indicated set; and generates an aperiodic CSI report based at least 
in part on the calculated CSI parameters for each serving cell associated with the 
indicated set. The transmitter circuit transmits the aperiodic CSI report to an 
Evolved NodeB (eNB) via a physical uplink shared channel (PUSCH). 
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APERIODIC CHANNEL STATE INFORMATION (CSI) REPORTING FOR CARRIER 

AGGREGATION 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 

62/109,448 filed January 29, 2015, and U.S. Application No. 14/708,545 filed April 11, 

2015, entitled "APERIODIC CHANNEL STATE INFORMATION (CSI) REPORTING 

FOR CARRIER AGGREGATION", the contents of which are herein incorporated by 

reference in their entirety. 

FIELD 

[0002] The present disclosure relates to channel state information (CSI) reporting 

and more particularly to aperiodic CSI reporting in carrier aggregation (CA) situations 

involving more than five serving cells. 

BACKGROUND 

[0003] Demand for high data rate wireless broadband transmission is increasing, 

with mobile data traffic expected to increase exponentially over the next decade. Carrier 

aggregation is a major tool to address this increased demand. Carrier aggregation is 

used in Long Term Evolution (L TE)-Advanced (L TE-A) systems to improve the data 

throughput by increasing the total bandwidth of the transmission. Carrier aggregation in 

L TE-A has been supported since Release 1 O of the L TE-A specification ("Rel-1 O") and 

can be used for both frequency division duplexing (FOO) and time division duplexing 

(TDD) systems. In FOO, the number of aggregated carriers (serving cells) can be 

different between downlink (DL) and uplink (UL), while for TDD, the number of carriers 

for both DL and UL is typically the same. The number of DL component carriers is 

generally greater than or the same than the number of UL carriers. The individual 

component carriers in DL or UL can also be of different bandwidths, with currently 

supported bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz. In accordance with Rel-10, a 

maximum of five component carriers can be aggregated. However, the number of 

carriers that can be aggregated is expected to be further increased in Rel-13, allowing 

support for up to 32 component carriers. 

[0004] There are different types or modes of carrier aggregation (CA). CA can 

aggregate contiguous component carriers within the same operating frequency band, 
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referred to as intra-band contiguous carrier aggregation. However, due to spectrum 

allocation restriction, intra-band contiguous carrier aggregation may not always be 

possible, and non-contiguous aggregation can be used instead. Non-contiguous carrier 

frequency allocations can either be intra-band or inter-band, depending whether the 

aggregated component carriers belong to the same operating frequency band or belong 

to different operating frequency bands. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 is a block diagram of a system that facilitates aperiodic channel state 

information (CSI) reporting for more than five serving cells at a user equipment (UE) 

according to various aspects described herein. 

[0006] FIG. 2 is a block diagram of a system that facilitates CSI configuration at an 

Evolved NodeB (eNB) for aperiodic CSI reporting from a UE for more than five serving 

cells according to various aspects described herein. 

[0007] FIG. 3 is a flow diagram of a method that facilitates aperiodic CSI reporting for 

a plurality of DL cells at a UE according to various aspects described herein. 

[0008] FIG. 4 is a flow diagram of a method that that facilitates CSI configuration at 

an Evolved NodeB (eNB) for aperiodic CSI reporting from a UE for more than five 

serving cells according to various aspects described herein. 

[0009] FIG. 5 is a block diagram illustrating an example UE useable in connection 

with various aspects described herein. 

DETAILED DESCRIPTION 

[001 O] The present disclosure will now be described with reference to the attached 

drawing figures, wherein like reference numerals are used to refer to like elements 

throughout, and wherein the illustrated structures and devices are not necessarily drawn 

to scale. As utilized herein, terms "component," "system," "interface," and the like are 

intended to refer to a computer-related entity, hardware, software (e.g., in execution), 

and/or firmware. For example, a component can be a processor (e.g., a microprocessor, 

a controller, or other processing device), a process running on a processor, a controller, 

an object, an executable, a program, a storage device, a computer, a tablet PC and/or a 

user equipment (e.g., mobile phone, etc.) with a processing device. By way of 

illustration, an application running on a server and the server can also be a component. 

One or more components can reside within a process, and a component can be 
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localized on one computer and/or distributed between two or more computers. A set of 

elements or a set of other components can be described herein, in which the term "set" 

can be interpreted as "one or more." 

[0011] Further, these components can execute from various computer readable 

storage media having various data structures stored thereon such as with a module, for 

example. The components can communicate via local and/or remote processes such as 

in accordance with a signal having one or more data packets (e.g., data from one 

component interacting with another component in a local system, distributed system, 

and/or across a network, such as, the Internet, a local area network, a wide area 

network, or similar network with other systems via the signal). 

[0012] As another example, a component can be an apparatus with specific 

functionality provided by mechanical parts operated by electric or electronic circuitry, in 

which the electric or electronic circuitry can be operated by a software application or a 

firmware application executed by one or more processors. The one or more processors 

can be internal or external to the apparatus and can execute at least a part of the 

software or firmware application. As yet another example, a component can be an 

apparatus that provides specific functionality through electronic components without 

mechanical parts; the electronic components can include one or more processors 

therein to execute software and/or firmware that confer(s), at least in part, the 

functionality of the electronic components. 

[0013] Use of the word exemplary is intended to present concepts in a concrete 

fashion. As used in this application, the term "or" is intended to mean an inclusive "or" 

rather than an exclusive "or". That is, unless specified otherwise, or clear from context, 

"X employs A or B" is intended to mean any of the natural inclusive permutations. That 

is, if X employs A; X employs B; or X employs both A and B, then "X employs A or B" is 

satisfied under any of the foregoing instances. In addition, the articles "a" and "an" as 

used in this application and the appended claims should generally be construed to 

mean "one or more" unless specified otherwise or clear from context to be directed to a 

singular form. Furthermore, to the extent that the terms "including", "includes", "having", 

"has", "with", or variants thereof are used in either the detailed description and the 

claims, such terms are intended to be inclusive in a manner similar to the term 

"comprising." 
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[0014] Embodiments described herein can provide for aperiodic channel state 

information (CSI) reporting in carrier aggregation (CA) situations involving more than 

five component carriers. 

[0015] L TE-A supports two types of CSI reporting - periodic reporting on the 

physical uplink control channel (PUCCH) and aperiodic reporting on the physical uplink 

shared channel (PUSCH). 

[0016] Periodic CSI reporting is mainly used to indicate the channel quality of 

downlink channel at the UE on a long-term basis. Periodic CSI is provided by the UE in 

accordance with a predefined reporting time schedule configured by the serving cell 

using higher layer signaling (e.g., radio resource control (RRC)). In contrast, aperiodic 

CSI reporting is used to provide larger and more detailed reporting in a single reporting 

instance based on the dynamic CSI request triggered by the serving cell using either an 

uplink DCI (downlink control information) format or a Random Access Response Grant. 

[0017] Aperiodic CSI reporting is triggered by the CSI request field, which in the case 

of carrier aggregation in conventional L TE-A systems has a length of 2 bits and has the 

definitions provided below in table 1 (corresponding to Table 7.2.1-1 A of L TE-A 

Technical Specification (TS) 36.213): 

Table 1: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific 

search space 

Vijlyij pf 0$J igqµg$1 
field 
'00' 
'01' 

'1 O' 

I 11' 

Aperiodic CSI report is triggered for a 1 s set of serving cells 
confi ured b hi her la ers 
Aperiodic CSI report is triggered for a 2n set of serving cells 

configured by higher layers 

[0018] In accordance to section 6.3.2 of TS 36.331, the first and second sets of the 

serving cells corresponding to CSI request fields '1 0' and '11' may be configured with at 

most 5 serving cells. Therefore, as can be seen in table 1, the CSI request field values 

of '1 0' and '11' can request CSI across up to the maximum number of component 

carriers that can be supported in conventional L TE-A systems (i.e., up to 5 in L TE-A 

Rel-12). Aspects described herein can support aperiodic CSI reporting in connection 

with carrier aggregation of up to 32 component carriers (serving cells). 
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[0019] In a first set of embodiments, 1 or 2 additional bits ( or more bits, in various 

aspects) can be included in DCI or RAR grant for the CSI request field to allow CSI 

triggering for any additional (higher layer configured) sets of serving cells. In aspects, 

the maximum number of serving cells for each value of the CSI request field can be 

limited to 5, as in conventional L TE-A systems, which can keep CSI computational 

complexity and channel coding procedures for UGI (uplink control information) the 

same. The inclusion of two additional bits, for example, can support up to seventy 

serving cells (fourteen sets comprising up to five serving cells each), more than 

sufficient for the anticipated extension to 32 serving cells in Rel-13. Example CSI 

request field values for embodiments involving 1 additional bit (for 3 total bits) and 2 

additional bits (for 4 total bits) are shown below in tables 2 and 3, respectively: 

Table 2: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific 

search space 

M@l1.1~••Pt••PIJ••••t~gtjg$J 
field 
'000' 
'001' 

'01 0' 

'011' 

• 
• 
• 

I 111' 

[0020] 

No aperiodic CSI report is triggered 
Aperiodic CSI report is triggered for serving cell c 
Aperiodic CSI report is triggered for a 1st set of serving cells 

configured by higher layers 
Aperiodic CSI report is triggered for a 2n set of serving cells 

configured by higher layers 
• 
• 
• 

set of serving cells 
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Table 3: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific 

search space 

Mij1µ¢••§t••Pi,••••r¢qq¢$1 
field 
'0000' 
'0001' 

'0010' 

'0011' 
set of serving cells 

• • 
• • 
• • 

'1111' 
set of serving cells 

[0021] In a second set of embodiments, the number of serving cells set for CSI 

triggers '1 0' and '11' can be increased to more than 5 serving cells. In order to reduce 

signaling overhead, and to maintain the CSI computational complexity and coverage of 

UGI transmission on PUSCH, the subband sizes for channel quality indicator (CQI) and 

precoding matrix indicator (PMI) reporting can be increased compared to conventional 

subband size value values. The increased subband values can be used when the total 

aggregated bandwidth is more than 500 or 550 resource blocks (RBs) (the maximum 

aggregated bandwidth of conventional L TE-A systems). The subband sizes on all 

configured carriers can be scaled by a value S, where S can be one or more fixed 

values defined by the specification based on the aggregated bandwidth, or can 

determined as ceil(Nfo~ / 550), where ceil(x) (the ceiling function) is the smallest integer 

not less than x, and Nfo~ is total number of RBs across all aggregated carriers or across 

the aggregated carriers corresponding to a given CSI request field value. In other 

embodiments, the subband size may be determined as ceil(ki · Nfo~ I 550), where k; is a 

subband size in the i-th serving cell. In further embodiments, aspects of both the first set 

of embodiments and the second set of embodiments can be combined. 

[0022] Referring to FIG. 1, illustrated is a block diagram of a system 100 that 

facilitates aperiodic channel state information (CSI) reporting for more than five serving 

cells at a user equipment (UE) according to various aspects described herein. System 

100 includes a receiver circuit 110, a processor 120, and a transmitter circuit 130. Each 

of the receiver circuit 11 0 and the transmitter circuit 130 are configured to be coupled to 

one or more antennas, which can be the same or different antenna(s). In aspects, the 

6 

ASUS EX2049 
Samsung v. ASUS 

IPR2024-00614



WO 2016/122763 PCT/0S2015/062403 

receiver circuit 11 0 and transmitter circuit 130 can have one or more components in 

common, and both can be included within a transceiver circuit, while in other aspects 

they are not. In various aspects, system 100 can be included within a UE, for example, 

with system 100 ( or portions thereof) within a receiver and transmitter or a transceiver 

circuit of a UE. 

[0023] The receiver circuit 11 0 can receive transmissions via a plurality of serving 

cells in accordance with a carrier aggregation (CA) mode of operation. In various 

aspects, the plurality of serving cells is more than five serving cells, but it need not be. 

Although conventional L TE-A systems are incapable of addressing aperiodic channel 

state information (CSI) reporting situations involving more than five serving cells, 

embodiments described herein can provide for aperiodic CSI reporting for up to five 

serving cells (which conventional systems are also capable of) and more than five 

serving cells (which conventional systems are incapable of), for example, for up to 

thirty-two serving cells (or more, in various aspects). Additionally, receiver circuit 11 0 

can receive a request for aperiodic CSI reporting, for example, via a CSI request field 

value transmitted via an uplink DCI (downlink control information) message or random 

access response (RAR) grant. 

[0024] The request for CSI reporting can designate (e.g., via the CSI request field 

value) a set (e.g., which can be configured via higher layers) for aperiodic CSI reporting. 

As indicated in tables 1 through 3 above, the set can be a set of serving cells (e.g., 

similar to Table 7.2.1-1 A of LTE-A TS 36.213), or the set can be a set of CSI processes 

(e.g., similar to Table 7.2.1-1 B of LTE-A TS 36.213), or the set can be a set of CSI 

processes and or {CSI process, CSI subframe set}-pairs (e.g., similar to Table 7.2.1-1 C 

of L TE-A TS 36.213). In general, the set can include one or more elements, where each 

of the elements can be a serving cell, a CSI process, or a pair of a CSI process and a 

CSI subframe set (a {CSI process, CSI subframe set}-pair). For each CSI request field 

value, a set (of serving cells, CSI process, pairs of CSI processes and CSI subframe 

sets, or some combination thereof) is indicated as discussed above. Based on the CSI 

request field value, an associated set of serving cells (which can be the indicated set 

when the indicated set comprises only serving cells, or can be a set of serving cells 

otherwise associated with the indicated set) can be determined, for which an aperiodic 

CSI report is to be generated. 

[0025] As discussed above, in various embodiments, the CSI request field can vary. 

For example, in a first set of embodiments, the CSI request field can comprise more 
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than two bits (e.g., three bits, four bits, etc.), with all but two of the values (i.e., six 

values, fourteen values, etc.) indicating a set (of serving cells, CSI process, pairs of CSI 

processes and CSI subframe sets, or some combination thereof) of up to five elements. 

Example CSI request field values for embodiments of the first set of embodiments are 

provided supra, in tables 2 and 3 (for sets of serving cells indicated by CSI request field 

values; similar values can be employed for CSI processes, pairs of CSI processes and 

CSI subframe sets, etc.). 

[0026] In a second set of embodiments, all but two of the values of the CSI request 

field can indicate a set that can comprise any number of elements (e.g., potentially more 

than five elements, in contrast to the first set of embodiments). In various aspects, such 

embodiments can employ a two bit CSI request field, as in conventional L TE-A systems 

(although a greater number of bits can be employed in various embodiments). However, 

signaling overhead and CSI computational complexity can be reduced by increasing the 

subband size for channel quality indicator (CQI) and/or precoding matrix indicator (PMI) 

reporting based on a scale factor. For each CSI request field value, the scale factor can 

be either one or more fixed values defined by a specification (e.g., based on an 

aggregated bandwidth) for a radio access technology associated with the embodiment, 

or can be the smallest integer greater than the quotient of an aggregated bandwidth 

(e.g., a total number of resource blocks (RBs) of the set of serving cells associated with 

the CSI request field value or of all serving cells) divided by a reference bandwidth (e.g., 

a maximum conventional bandwidth, such as 500 or 550 RBs). 

[0027] For each serving cell associated with the CSI request field value, processor 

120 can calculate one or more CSI parameters (e.g., rank indicator (RI), precoding 

matrix indicator (PMI), precoding type indicator (PTI), channel quality indicator (CQI)), 

for example, for each of one or more subbands. Based on the calculated CSI 

parameter(s), processor 120 can generate an aperiodic CSI report for the set (of serving 

cells, CSI process, pairs of CSI processes and CSI subframe sets, or some combination 

thereof) indicated by the CSI request field value. 

[0028] Transmitter circuit 130 can transmit the aperiodic CSI report via a physical 

uplink shared channel (PUSCH) to an Evolved NodeB (eNB) in response to the 

aperiodic CSI reporting request. 

[0029] Referring to FIG. 2, illustrated is a block diagram of a system that facilitates 

CSI configuration at an Evolved NodeB (eNB) for aperiodic CSI reporting from a UE for 

more than five serving cells according to various aspects described herein. System 200 
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can include a processor 210, a transmitter circuit 220, and a receiver circuit 230. Each 

of the receiver circuit 230 and the transmitter circuit 220 are configured to be coupled to 

one or more antennas, which can be the same or different antenna(s). In aspects, the 

receiver circuit 230 and transmitter circuit 220 can have one or more components in 

common, and both can be included within a transceiver circuit, while in other aspects 

they are not. In various aspects, system 200 can be included within an Evolved 

Universal Terrestrial Radio Access Network (E-UTRAN) Node B (Evolved NodeB, 

eNodeB, or eNB). 

[0030] Out of a plurality (e.g., up to thirty-two, or potentially more, etc.) of serving 

cells for carrier aggregation (CA), processor 21 0 can assign each serving cell to at least 

one set of a plurality of sets. Each of the plurality of sets can correspond to or be 

associated with a CSI request field value. As discussed supra, in a first set of 

embodiments, the CSI request field can comprise three or more bits, with at least six of 

the CSI request field values indicating a set comprising elements that can be serving 

cell(s), CSI process(es), and/or pair(s) of a CSI process and a CSI subframe set. In a 

second set of embodiments, each set indicated by a CSI request field value can (but 

need not) comprise more than five elements, and depending on the aggregated 

bandwidth, a subband size for CQI and/or PMI reporting can be scaled. Processor 21 O 

can additionally determine a set for aperiodic CSI reporting, and generate the CSI 

request field value associated with the determined set. 

[0031] Transmitter circuit 220 can transmit one or more data payloads to a UE 

according to a carrier aggregation (CA) mode of operation, and can transmit the CSI 

request field value to the UE. In various aspects, transmitter circuit 220 can transmit the 

CSI request field value via an uplink DCI message or a random access request grant. 

[0032] Receiver circuit 230 can receive an aperiodic CSI report from the UE via a 

physical uplink shared channel (PUSCH). Optionally, processor 21 0 can adjust at least 

one property of at least one of the serving cells of the set associated with the CSI 

request field value based at least in part on the aperiodic CSI report received from the 

UE. 

[0033] Referring to FIG. 3, illustrated is a flow diagram of a method 300 that 

facilitates aperiodic CSI reporting for a plurality of DL cells at a UE according to various 

aspects described herein. In various aspects, method 300 can be implemented at a UE, 

for example, by executing machine-readable instructions that cause the UE to perform 

some or all of the acts described in connection with method 300. 
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[0034] Method 300 includes, at 310, receiving a data payload from a plurality (e.g., 

more than five in various embodiments, such as up to thirty-two or more, etc.) of serving 

cells via a carrier aggregation (CA) mode of operation. 

[0035] At 320, method 300 includes receiving a CSI request field value via at least 

one of an uplink DCI message or a random access request (RAR) grant. The CSI 

request field value is associated with a subset of the serving cells, either by directly 

indicating the subset, or by indicating a set (e.g., of CSI processes, etc.) associated with 

the subset. In a first set of embodiments, the CSI request field value can be one out of 

eight or more values, wherein at least six of the values can be associated with a set of 

up to five serving cells. In a second set of embodiments, the CSI request field can have 

two bits, wherein two potential CSI request field values can be associated with sets of 

any number of serving cells, and a subband size for reporting CQI and/or PMI can be 

scaled based on an aggregated bandwidth (e.g., of the subset, of the plurality of serving 

cells, etc.). 

[0036] Additionally, at 330, one or more CSI parameters (e.g., of RI, PMI, CQI, etc.) 

can be calculated for each serving cell of the subset. 

[0037] At 340, method 300 can include generating an aperiodic CSI report based on 

the calculated one or more CSI parameters. 

[0038] Method 300 can also include, at 350, transmitting the aperiodic CSI report to 

an eNB via a physical uplink shared channel (PUSCH). 

[0039] Referring to FIG. 4, illustrated is a flow diagram of a method 400 that that 

facilitates CSI configuration at an Evolved NodeB (eNB) for aperiodic CSI reporting from 

a UE for more than five serving cells according to various aspects described herein. In 

various aspects, method 400 can be implemented at an eNB, for example, by executing 

machine-readable instructions that cause the eNB to perform some or all of the acts 

described in connection with method 400. 

[0040] At 410, method 400 can include configuring a plurality of serving cells into 

sets of serving cells for aperiodic CSI reporting (e.g., by assigning serving cells to sets 

indicated by or associated with CSI request field values, etc.). As explained in greater 

detail supra, in a first set of embodiments, the CSI request field can comprise more than 

two bits, with all but two of the possible CSI request field values indicating a set of up to 

five serving cells, CSI processes, and/or pairs of CSI processes and CSI subframe sets. 

In a second set of embodiments, two (or potentially more) bits can be employed for the 

CSI request field, with all but two of the possible CSI request field values indicating a 
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set that can contain more than five serving cells, CSI processes, and/or pairs of CSI 

processes and CSI subframe sets. In the second set of embodiments, a subband size 

for reporting CQI and/or PMI can be increased by a scale factor as described supra. 

[0041] At 420, a CSI request field value can be generated to indicate a first set of the 

sets configured at 410. 

[0042] At 430, a data payload can be transmitted to a user equipment (UE) via the 

plurality of serving cells according to a carrier aggregation (CA) mode of operation. 

[0043] At 440, the CSI request field value generated at 420 can be transmitted to the 

UE. 

[0044] At 450, an aperiodic CSI report can be received from the UE. Based on the 

aperiodic CSI report, one or more properties of at least one serving cell of the plurality 

of serving cells can be adjusted. 

[0045] Referring to FIG. 5, illustrated is an exemplary user equipment or mobile 

communication device 500 that can be utilized with one or more aspects of the systems, 

methods, or devices facilitating communication with aggregation of downlink component 

carrier described herein according to various aspects. The user equipment 500, for 

example, comprises a digital baseband processor 502 that can be coupled to a data 

store or memory 503, a front end 504 (e.g., an RF front end, an acoustic front end, or 

the other like front end) and a plurality of antenna ports 507 for connecting to a plurality 

of antennas 5061 to 506k (k being a positive integer). The antennas 5061 to 506k can 

receive and transmit signals to and from one or more wireless devices such as access 

points, access terminals, wireless ports, routers and so forth, which can operate within a 

radio access network or other communication network generated via a network device. 

The user equipment 500 can be a radio frequency (RF) device for communicating RF 

signals, an acoustic device for communicating acoustic signals, or any other signal 

communication device, such as a computer, a personal digital assistant, a mobile phone 

or smart phone, a tablet PC, a modem, a notebook, a router, a switch, a repeater, a PC, 

network device, base station or a like device that can operate to communicate with a 

network or other device according to one or more different communication protocols or 

standards. 

[0046] The front end 504 can include a communication platform, which comprises 

electronic components and associated circuitry that provide for processing, 

manipulation or shaping of the received or transmitted signals via one or more receivers 

or transmitters 508, a mux/demux component 512, and a mod/demod component 514. 
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The front end 504, for example, is coupled to the digital baseband processor 502 and 

the set of antenna ports 507, in which the set of antennas 5061 to 506k can be part of 

the front end. 

[0047] The user equipment 500 can also include a processor 502 or a controller that 

can operate to provide or control one or more components of the user equipment 500. 

For example, the processor 502 can confer functionality, at least in part, to substantially 

any electronic component within the user equipment 500, in accordance with aspects of 

the disclosure. As an example, the processor 502 can be configured to execute, at least 

in part, executable instructions that facilitate generation of an aperiodic CSI report in 

situations involving carrier aggregation of more than five serving cells, in accordance 

with aspects described herein. 

[0048] The processor 502 can operate to enable the user equipment 500 to process 

data (e.g., symbols, bits, or chips) for multiplexing/demultiplexing with the mux/demux 

component 512, or modulation/demodulation via the mod/demod component 514, such 

as implementing direct and inverse fast Fourier transforms, selection of modulation 

rates, selection of data packet formats, inter-packet times, etc. Memory 503 can store 

data structures (e.g., metadata), code structure(s) (e.g., modules, objects, classes, 

procedures, or the like) or instructions, network or device information such as policies 

and specifications, attachment protocols, code sequences for scrambling, spreading 

and pilot (e.g., reference signal(s)) transmission, frequency offsets, cell IDs, and other 

data for detecting and identifying various characteristics related to RF input signals, a 

power output or other signal components during power generation. 

[0049] The processor 502 is functionally and/or communicatively coupled (e.g., 

through a memory bus) to memory 503 in order to store or retrieve information 

necessary to operate and confer functionality, at least in part, to communication 

platform or front end 504 including the receiver 508, and the power amplifier (PA) 

system 510. While the components in FIG. 5 are illustrated in the context of a user 

equipment, such illustration is not limited to user equipment but also extends to other 

wireless communication devices, such as base station (e.g., eNodeB), small cell, 

femtocell, macro cell, microcell, etc. 

[0050] Examples herein can include subject matter such as a method, means for 

performing acts or blocks of the method, at least one machine-readable medium 

including executable instructions that, when performed by a machine (e.g., a processor 

with memory or the like) cause the machine to perform acts of the method or of an 
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apparatus or system for concurrent communication using multiple communication 

technologies according to embodiments and examples described. 

[0051] Example 1 is a user equipment (UE), comprising a receiver circuit, a 

processor, and a transmitter circuit. The receiver circuit is configured to receive 

transmissions via a plurality of serving cells according to a carrier aggregation (CA) 

mode and to receive an aperiodic channel state information (CSI) reporting request that 

indicates a set for CSI reporting, wherein the plurality of serving cells comprises at least 

six serving cells, and wherein one or more of the plurality of serving cells is associated 

with the indicated set. The processor is operably coupled to the receiver circuit and 

configured to: calculate one or more CSI parameters for each serving cell of the plurality 

of serving cells that is associated with the indicated set; and generate an aperiodic CSI 

report based at least in part on the calculated CSI parameters for each serving cell 

associated with the indicated set. The transmitter circuit is configured to transmit the 

aperiodic CSI report to an Evolved NodeB (eNB) via a physical uplink shared channel 

(PUSCH). 

[0052] Example 2 includes the subject matter of example 1, wherein the plurality of 

serving cells comprises thirty-two or less serving cells. 

[0053] Example 3 includes the subject matter of any of examples 1-2, including or 

omitting optional features, wherein the CSI request field comprises at least three bits. 

[0054] Example 4 includes the subject matter of any of examples 1-3, including or 

omitting optional features, wherein the aperiodic CSI report request comprises a first 

value of a plurality of values associated with a CSI request field, wherein the first value 

indicates the set, wherein the set is one of at least three sets indicated via at least three 

of the plurality of values, and wherein each of the at least three sets indicates at most 

five elements. 

[0055] Example 5 includes the subject matter of any variation of example 4, including 

or omitting optional features, wherein each of the at most five elements is a serving cell. 

[0056] Example 6 includes the subject matter of any variation of example 4, including 

or omitting optional features, wherein each of the at most five elements is a serving cell 

or a CSI process. 

[0057] Example 7 includes the subject matter of any variation of example 4, including 

or omitting optional features, wherein each of the at most five elements is a serving cell, 

a CSI process, or a pair of the CSI process and a CSI subframe set. 
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[0058] Example 8 includes the subject matter of example 1, wherein the CSI request 

field comprises two bits. 

[0059] Example 9 includes the subject matter of example 1, wherein the calculated 

one or more CSI parameters comprise at least one of a channel quality indicator (CQI) 

or a precoding matrix indicator (PMI) for at least a first serving cell associated with the 

indicated set, and wherein a subband size associated with the CQI is increased in 

response to a determination that the total number of resource blocks (RBs) of the 

serving cells associated with the indicated set exceeds a predefined number of RBs, 

wherein the predefined number of RBs is one of 500 RBs or 550 RBs. 

[0060] Example 1 0 includes the subject matter of example 9, wherein the subband 

size associated with the at least one of the CQI or the PMI is increased by a scale 

factor, wherein the scale factor is a smallest integer greater than a quotient obtained by 

dividing a total number of RBs of the serving cells associated with the indicated set by 

the predefined number of RBs. 

[0061] Example 11 includes the subject matter of example 1, wherein the CSI 

request field comprises at least three bits. 

[0062] Example 12 includes the subject matter of example 1, wherein the aperiodic 

CSI report request comprises a first value of a plurality of values associated with a CSI 

request field, wherein the first value indicates the set, wherein the set is one of at least 

three sets indicated via at least three of the plurality of values, and wherein each of the 

at least three sets indicates at most five elements. 

[0063] Example 13 is a non-transitory machine readable medium comprising 

instructions that, when executed, cause a user equipment (UE) to: receive a data 

payload transmitted via more than five serving cells according to a carrier aggregation 

(CA) mode; receive a first value associated with a channel state information (CSI) 

request field, wherein the first value is associated with a first subset of the more than 

five serving cells; calculate at least one CSI parameter for each serving cell of the first 

subset; generate an aperiodic CSI report based at least in part on the at least one CSI 

parameter for each serving cell of the first subset; and transmit the aperiodic CSI report 

via a physical uplink shared channel (PUSCH). 

[0064] Example 14 includes the subject matter of example 13, wherein the first value 

is received via a random access request (RAR). 

[0065] Example 15 includes the subject matter of example 13, wherein the first value 

is received via a downlink control information (DCI) message. 
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[0066] Example 16 includes the subject matter of any of examples 13-15, including 

or omitting optional features, wherein the first value is one of at least eight values 

associated with the CSI request field, wherein at least six of the at least eight values are 

associated with subsets of the more than five serving cells. 

[0067] Example 17 includes the subject matter of any variation of example 16, 

including or omitting optional features, wherein each of the subsets comprises at most 

five of the more than five serving cells. 

[0068] Example 18 includes the subject matter of example 13, wherein the first 

subset comprises more than five of the more than five serving cells. 

[0069] Example 19 includes the subject matter of example 18, wherein a subband 

size for reporting at least one of a channel quality indicator (CQI) or a precoding matrix 

indicator (PMI) associated with each serving cell of the first subset is increased based 

on a scaling factor equal to a smallest integer greater than a quotient obtained by 

dividing a total number of resource blocks (RBs) of the serving cells of the subset by 

one of 500 or 550. 

[0070] Example 20 includes the subject matter of example 18, wherein a subband 

size for reporting at least one of a channel quality indicator (CQI) or a precoding matrix 

indicator (PMI) associated with each serving cell of the first subset is increased based 

on a scaling factor equal to a smallest integer greater than a quotient obtained by 

dividing the product of a subband size of that serving cell and a total number of 

resource blocks (RBs) of the serving cells of the subset by one of 500 or 550. 

[0071] Example 21 includes the subject matter of example 13, wherein the first value 

indicates a set comprising at least one of a CSI process or a pair of the CSI process 

and a CSI subframe set. 

[0072] Example 22 includes the subject matter of example 13, wherein the first 

subset is configured via higher layers. 

[0073] Example 23 includes the subject matter of example 13, wherein the first value 

is one of at least eight values associated with the CSI request field, wherein at least six 

of the at least eight values are associated with subsets of the more than five serving 

cells. 

[0074] Example 24 is an Evolved NodeB (eNB), comprising a processor, a receiver 

circuit, and a transmitter circuit. The processor is configured to assign each serving cell 

of more than five serving cells to at least one set of two or more sets; and generate a 

CSI request field value that indicates one of the two or more sets. The transmitter circuit 
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is configured to transmit to a user equipment (UE) via the more than five serving cells 

according to a carrier aggregation (CA) mode, and to transmit the CSI request field 

value to the UE. The receiver circuit is configured to receive an aperiodic CSI report 

from the UE. 

[0075] Example 25 includes the subject matter of example 24, wherein the more 

than five serving cells comprise at most thirty-two serving cells. 

[0076] Example 26 includes the subject matter of example 24, wherein the 

transmitter circuit is configured to transmit the CSI request field value via at least one of 

a random access request (RAR) or a downlink control information (DCI) message. 

[0077] Example 27 includes the subject matter of any of examples 24-26, including 

or omitting optional features, wherein the processor is configured to assign more than 

five serving cells to a first set of the two or more sets. 

[0078] Example 28 includes the subject matter of example 24, wherein the CSI 

request field value is indicated via at least three bits, and wherein the two or more sets 

comprise six or more sets. 

[0079] Example 29 includes the subject matter of example 24, wherein the processor 

is configured to assign more than five serving cells to a first set of the two or more sets. 

[0080] Example 30 is a user equipment (UE), comprising means for receiving, 

means for processing, and means for transmitting. The means for receiving is 

configured to receive transmissions via a plurality of serving cells according to a carrier 

aggregation (CA) mode and to receive an aperiodic channel state information (CSI) 

reporting request that indicates a set for CSI reporting, wherein the plurality of serving 

cells comprises at least six serving cells, and wherein one or more of the plurality of 

serving cells is associated with the indicated set. The means for processing operably 

coupled to the means for receiving and configured to: calculate one or more CSI 

parameters for each serving cell of the plurality of serving cells that is associated with 

the indicated set; and generate an aperiodic CSI report based at least in part on the 

calculated CSI parameters for each serving cell associated with the indicated set. The 

means for transmitting is configured to transmit the aperiodic CSI report to an Evolved 

NodeB (eNB) via a physical uplink shared channel (PUSCH). 

[0081] Example 31 is an Evolved NodeB (eNB), comprising means for processing, 

means for transmitting, and means for receiving. The means for processing is 

configured to: assign each serving cell of more than five serving cells to at least one set 

of two or more sets; and generate a CSI request field value that indicates one of the two 
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or more sets. The means for transmitting is configured to transmit to a user equipment 

(UE) via the more than five serving cells according to a carrier aggregation (CA) mode, 

and to transmit the CSI request field value to the UE. The means for receiving is 

configured to receive an aperiodic CSI report from the UE. 

[0082] The above description of illustrated embodiments of the subject disclosure, 

including what is described in the Abstract, is not intended to be exhaustive or to limit 

the disclosed embodiments to the precise forms disclosed. While specific embodiments 

and examples are described herein for illustrative purposes, various modifications are 

possible that are considered within the scope of such embodiments and examples, as 

those skilled in the relevant art can recognize. 

[0083] In this regard, while the disclosed subject matter has been described in 

connection with various embodiments and corresponding Figures, where applicable, it is 

to be understood that other similar embodiments can be used or modifications and 

additions can be made to the described embodiments for performing the same, similar, 

alternative, or substitute function of the disclosed subject matter without deviating 

therefrom. Therefore, the disclosed subject matter should not be limited to any single 

embodiment described herein, but rather should be construed in breadth and scope in 

accordance with the appended claims below. 

[0084] In particular regard to the various functions performed by the above described 

components or structures (assemblies, devices, circuits, systems, etc.), the terms 

(including a reference to a "means") used to describe such components are intended to 

correspond, unless otherwise indicated, to any component or structure which performs 

the specified function of the described component (e.g., that is functionally equivalent), 

even though not structurally equivalent to the disclosed structure which performs the 

function in the herein illustrated exemplary implementations. In addition, while a 

particular feature may have been disclosed with respect to only one of several 

implementations, such feature may be combined with one or more other features of the 

other implementations as may be desired and advantageous for any given or particular 

application. 
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CLAIMS 

What is claimed is: 

1. A user equipment (UE), comprising: 

a receiver circuit configured to receive transmissions via a plurality of serving 

cells according to a carrier aggregation (CA) mode and to receive an aperiodic channel 

state information (CSI) reporting request that indicates a set for CSI reporting, wherein 

the plurality of serving cells comprises at least six serving cells, and wherein one or 

more of the plurality of serving cells is associated with the indicated set; 

a processor operably coupled to the receiver circuit and configured to: 

calculate one or more CSI parameters for each serving cell of the plurality 

of serving cells that is associated with the indicated set; and 

generate an aperiodic CSI report based at least in part on the calculated 

CSI parameters for each serving cell associated with the indicated set; and 

a transmitter circuit configured to transmit the aperiodic CSI report to an Evolved 

NodeB (eNB) via a physical uplink shared channel (PUSCH). 

2. The UE of claim 1, wherein the plurality of serving cells comprises thirty-two or 

less serving cells. 

3. The UE of claim 1, wherein the CSI request field comprises at least three bits. 

4. The UE of any of claims 1-3, wherein the aperiodic CSI report request comprises 

a first value of a plurality of values associated with a CSI request field, wherein the first 

value indicates the set, wherein the set is one of at least three sets indicated via at least 

three of the plurality of values, and wherein each of the at least three sets indicates at 

most five elements. 

5. The UE of claim 4, wherein each of the at most five elements is a serving cell. 

6. The UE of claim 4, wherein each of the at most five elements is a serving cell or 

a CSI process. 
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7. The UE of claim 4, wherein each of the at most five elements is a serving cell, a 

CSI process, or a pair of the CSI process and a CSI subframe set. 

8. The UE of claim 1, wherein the CSI request field comprises two bits. 

9. The UE of claim 1, wherein the calculated one or more CSI parameters comprise 

at least one of a channel quality indicator (CQI) or a precoding matrix indicator (PMI) for 

at least a first serving cell associated with the indicated set, and wherein a subband size 

associated with the CQI is increased in response to a determination that the total 

number of resource blocks (RBs) of the serving cells associated with the indicated set 

exceeds a predefined number of RBs, wherein the predefined number of RBs is one of 

500 RBS or 550 RBS. 

10. The UE of claim 9, wherein the subband size associated with the at least one of 

the CQI or the PMI is increased by a scale factor, wherein the scale factor is a smallest 

integer greater than a quotient obtained by dividing a total number of RBs of the serving 

cells associated with the indicated set by the predefined number of RBs. 

11. A non-transitory machine readable medium comprising instructions that, when 

executed, cause a user equipment (UE) to: 

receive a data payload transmitted via more than five serving cells according to a 

carrier aggregation (CA) mode; 

receive a first value associated with a channel state information (CSI) request 

field, wherein the first value is associated with a first subset of the more than five 

serving cells; 

calculate at least one CSI parameter for each serving cell of the first subset; 

generate an aperiodic CSI report based at least in part on the at least one CSI 

parameter for each serving cell of the first subset; and 

transmit the aperiodic CSI report via a physical uplink shared channel (PUSCH). 

12. The non-transitory machine readable medium of claim 11, wherein the first value 

is received via a random access request (RAR). 
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13. The non-transitory machine readable medium of claim 11, wherein the first value 

is received via a downlink control information (DCI) message. 

14. The non-transitory machine readable medium of any of claims 11-13, wherein the 

first value is one of at least eight values associated with the CSI request field, wherein 

at least six of the at least eight values are associated with subsets of the more than five 

serving cells. 

15. The non-transitory machine readable medium of claim 14, wherein each of the 

subsets comprises at most five of the more than five serving cells. 

16. The non-transitory machine readable medium of claim 11, wherein the first 

subset comprises more than five of the more than five serving cells. 

17. The non-transitory machine readable medium of claim 16, wherein a subband 

size for reporting at least one of a channel quality indicator (CQI) or a precoding matrix 

indicator (PMI) associated with each serving cell of the first subset is increased based 

on a scaling factor equal to a smallest integer greater than a quotient obtained by 

dividing a total number of resource blocks (RBs) of the serving cells of the subset by 

one of 500 or 550. 

18. The non-transitory machine readable medium of claim 16, wherein a subband 

size for reporting at least one of a channel quality indicator (CQI) or a precoding matrix 

indicator (PMI) associated with each serving cell of the first subset is increased based 

on a scaling factor equal to a smallest integer greater than a quotient obtained by 

dividing the product of a subband size of that serving cell and a total number of 

resource blocks (RBs) of the serving cells of the subset by one of 500 or 550. 

19. The non-transitory machine readable medium of claim 11, wherein the first value 

indicates a set comprising at least one of a CSI process or a pair of the CSI process 

and a CSI subframe set. 

20. The non-transitory machine readable medium of claim 11, wherein the first 

subset is configured via higher layers. 
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21. An Evolved NodeB (eNB), comprising: 

a processor configured to: 

PCT/0S2015/062403 

assign each serving cell of more than five serving cells to at least one set 

of two or more sets; and 

generate a CSI request field value that indicates one of the two or more 

sets; 

a transmitter circuit configured to transmit to a user equipment (UE) via the more 

than five serving cells according to a carrier aggregation (CA) mode, and to transmit the 

CSI request field value to the UE; and 

a receiver circuit configured to receive an aperiodic CSI report from the UE. 

22. The eNB of claim 21, wherein the more than five serving cells comprise at most 

thirty-two serving cells. 

23. The eNB of claim 21, wherein the transmitter circuit is configured to transmit the 

CSI request field value via at least one of a random access request (RAR) or a downlink 

control information (DCI) message. 

24. The eNB of any of claims 21-23, wherein the processor is configured to assign 

more than five serving cells to a first set of the two or more sets. 

25. The eNB of claim 21, wherein the CSI request field value is indicated via at least 

three bits, and wherein the two or more sets comprise six or more sets. 
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