wo 2016/094191 A1 [N I P00 00O OO

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

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

(10) International Publication Number

WO 2016/094191 A1l

16 June 2016 (16.06.2016) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO04W 72/04 (2009.01) HO4L 5/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) International Apolication Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2015/063763 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
3 December 2015 (03.12.2015) KZ, IA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
62/089.792 9 December 2014 (09.12.2014) ys (84) Designated States (unless otherwise indicated, for every
62/104,629 16 January 2015 (16.01.2015) Us kind Of regional protection available): ARIPO (BW, GH,
14/957,417 2 December 2015 (02.12.2015) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: QUALCOMM INCORPORATED [US/US]; TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
ATTN: International IP Administration, 5775 Morehouse DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Drive, San Diego, California 92121-1714 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Imventors: LUQ, Tao; 5775 Morehouse Drive, San Diego, SM, TR), OAPI (BF, B, CF, CG, CL, CM, GA, GN, GQ,
California 92121-1714 (US). SUN, Jing; 5775 Morehouse GW. KM, ML, MR, NE, SN, TD, TG).
Drive, San Diego, California 92121-1714 (US). Published:

74

Agent: KRAFT, Aaron, J.; Holland & Hart LLP, P.O.
Box 11583, Salt Lake City, Utah 84147 (US).

with international search report (Art. 21(3))

(54) Title: NESTED SYSTEM OPERATION

330

350 355

335340 345

0[1]2[314[5[6[0[1[2[3]4]3]6
— >
N5 Yosab
. OrpM
s 310 315 320 symbols
~
D S U U S A S U D b
=

323

< >

< >

I ms

14 OFDM Symbols

FIG. 3A

\ 300

(57) Abstract: Methods, systems, and devices are described for resource scheduling for different services in a wireless communica-
tions system. A base station or a user equipment (UE) operating within a wireless communication system may, for example, commu -
nicate using two or more different configurations of resource (e.g., symbol) duration, while maintaining a common tone spacing,
bandwidth, transmission time interval (TTI) designation, or the like. For instance, an orthogonal frequency division multiplexing
(OFDM) symbol may be subdivided or segmented, and each segment, which may include a cyclic prefix, may be utilized as a re -
source unit.



10

15

20

25

WO 2016/094191 PCT/US2015/063763

NESTED SYSTEM OPERATION

CROSS REFERENCES
[0001] The present Application for Patent claims priority to U.S. Patent Application
No. 14/957,417 by Luo et al., entitled “Nested System Operation,” filed December 2, 2015;
U.S. Provisional Patent Application No. 62/104,629 by Luo et al., entitled “Nested System
Operation,” filed January 16, 2015; and U.S. Provisional Patent Application No. 62/089,792
by Luo et al., entitled “Nested System Operation,” filed December 9, 2014; each of which is

assigned to the assignee hereof.

BACKGROUND
FIELD OF THE DISCLOSURE

[0002] The present disclosure, relates to wireless communication systems, and more
particularly to techniques for resource scheduling for different services in wireless

communications systems.

DESCRIPTION OF RELATED ART

[0003] Wireless communication systems are widely deployed to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be multiple-access systems capable of supporting communication with
multiple users by sharing the available system resources (e.g., time, frequency, and power).
Examples of such multiple-access systems include code-division multiple access (CDMA)
systems, time-division multiple access (TDMA) systems, frequency-division multiple access

(FDMA) systems, and orthogonal frequency-division multiple access (OFDMA) systems.

[0004] By way of example, a wireless multiple-access communication system may include
a number of base stations, each simultaneously supporting communication for multiple
communication devices, otherwise known as user equipment (UEs). A base station may
communicate with UEs on downlink channels (e.g., for transmissions from a base station to a

UE) and uplink channels (e.g., for transmissions from a UE to a base station).



10

15

20

25

WO 2016/094191 PCT/US2015/063763

[0005] Astechnology advances, some more advanced mobile devices within a wireless
communications network may have capabilities in which communications are transmitted
according to different timing characteristics or transmissions have different control
information relative to legacy mobile devices (e.g., devices operating according to prior
industry standards) that operate within the network. Resources within the network may be
used to provide services to the advanced mobile devices as well as the legacy mobile devices,
or may be used to provide different types of services to advanced mobile devices. In certain
situations, it may be desirable to provide flexibility in allocation of resources of a wireless
communications network based on different mobile devices in order to support the advanced

mobile devices as well as provide backward compatibility for legacy mobile devices.

SUMMARY
[0006] Systems, methods, and devices for resource scheduling and utilization in a
wireless communications system are described. A base station or a user equipment (UE)
operating within a wireless communication system may, for example, communicate using
two or more different configurations of resource (e.g., symbol) duration, while maintaining a
common tone spacing, bandwidth, transmission time interval (TT1) designation, or the like.
For instance, an orthogonal frequency division multiplexing (OFDM) symbol may be
subdivided or segmented, and each segment, which may include a cyclic prefix, may be

utilized as a resource unit.

[0007] A method of communication at a wireless device is described. The method may
include configuring a first resource segment having a first duration that is less than a symbol
period, configuring a second resource segment having a second duration that is less than the
symbol period, where a total duration of the first and second durations is less than or equal to
the symbol period, and communicating utilizing the configured first and second resource

segments.

[0008] An apparatus for communication at a wireless device is described. The apparatus
may include means for configuring a first resource segment having a first duration that is less
than a symbol period, means for configuring a second resource segment having a second

duration that is less than the symbol period, where a total duration of the first and second
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durations is less than or equal to the symbol period, and means for communicating utilizing

the configured first and second resource segments.

[0009] A further apparatus for communication at a wireless device is described. The
apparatus may include a processor, memory in electronic communication with the processor,
and instructions stored in the memory. The instructions may be executable by the processor
to cause the apparatus to configure a first resource segment having a first duration that is less
than a symbol period, configure a second resource segment having a second duration that is
less than the symbol period, where a total duration of the first and second durations is less
than or equal to the symbol period, and communicate utilizing the configured first and second

resource segrnents .

[0010] A non-transitory computer-readable medium storing code for communication at a
wireless device is described. The code may include instructions executable to configure a
first resource segment having a first duration that is less than a symbol period, configure a
second resource segment having a second duration that is less than the symbol period, where
a total duration of the first and second durations is less than or equal to the symbol period,

and communicate utilizing the configured first and second resource segments.

[0011] Some examples of the method, apparatuses, or non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
configuring a symbol having the symbol period, where communicating with the wireless
device includes communicating utilizing the configured symbol the configured first and
second resource segments. Additionally or alternatively, in some examples, communicating
includes communicating utilizing the configured symbol and the configured first and second

resource segments in a common subframe.

[0012] In some examples of the method, apparatuses, or non-transitory computer-
readable medium described above, the first resource segment includes a first cyclic prefix
(CP), and the second resource segment includes a second CP. In some examples,
communicating includes transmitting a control or data signal in the first resource segment, the
second resource segment, and a symbol having the symbol period. The control or data signal

spans the first and second durations and the symbol period.
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[0013] Some examples of the method, apparatuses, or non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
configuring a third resource segment having a third duration that is less than the symbol
period, where a total duration of the first, second, and third durations is greater than the
symbol period, and communicating utilizing the configured first, second, and third resource
segments. Additionally or alternatively, in some examples, communicating includes
transmitting a control or data signal in the first resource segment, the second resource
segment, and the third resource segment, where the control or data signal spans the first,

second, and third durations.

[0014] In some examples of the method, apparatuses, or non-transitory computer-
readable medium described above, the first resource segment, the second resource segment,
or a combination thereof includes a demodulation reference signal (DMRS). Additionally or
alternatively, in some examples, a symbol includes a portion of the DMRS, the symbol
having the symbol period, where the DMRS spans the first and second durations and the
symbol period.

[0015] In some examples of the method, apparatuses, or non-transitory computer-
readable medium described above, the first resource segment, the second resource segment,
or combination thereof includes a cell-specific reference signals (CRS). Additionally or
alternatively, in some examples, a symbol includes a portion of the CRS, the symbol having
the symbol period, where the CRS spans the first and second durations and the symbol

period.

[0016] The first and second resource segments may include frequency resources of a first
component carrier, and some examples of the method, apparatuses, or non-transitory
computer-readable medium described above may further include processes, features, means,
or instructions for scheduling the frequency resources of the first component carrier utilizing
frequency resources of a second component carrier. Additionally or alternatively, some
examples, processes, features, means, or instructions for receiving feedback related to the
first or second resource segments on the frequency resources of the second component

carrier.

[0017] In some examples of the method, apparatuses, or non-transitory computer-

readable medium described above, the first resource segment, the second resource segment,
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or combination thereof includes a channel state information (CSI) reference signal.
Additionally or alternatively, in some examples, a symbol includes a portion of the CSI
reference signal, the symbol having the symbol duration, and where the CSI reference signal

spans the first and second durations and the symbol period.

[0018] A further method of communication at a wireless device is also described. The
method may include identifying a first resource segment having a first duration that is less
than a symbol period, identifying a second resource segment having a second duration that is
less than the symbol period, where a total duration of the first and second durations is less
than or equal to the symbol period, and communicating with a node utilizing the first and

second resource segrnents.

[0019] A further apparatus for communication at a wireless device is also described. The
apparatus may include means for identifying a first resource segment having a first duration
that is less than a symbol period, means for identifying a second resource segment having a
second duration that is less than the symbol period, where a total duration of the first and
second durations is less than or equal to the symbol period, and means for communicating

with a node utilizing the first and second resource segments.

[0020] A further apparatus for communication at a wireless device is also described. The
apparatus may include a processor, memory in electronic communication with the processor,
and instructions stored in the memory. The instructions may be executable by the processor
to cause the apparatus to identify a first resource segment having a first duration that is less
than a symbol period, identify a second resource segment having a second duration that is
less than the symbol period, where a total duration of the first and second durations is less
than or equal to the symbol period, and communicate with a node utilizing the first and

second resource segrnents.

[0021] A further non-transitory computer-readable medium storing code for
communication at a wireless device is also described. The code may include instructions
executable to identify a first resource segment having a first duration that is less than a
symbol period, identify a second resource segment having a second duration that is less than
the symbol period, where a total duration of the first and second durations is less than or
equal to the symbol period, and communicate with a node utilizing the first and second

resource segrnents .
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[0022] Some examples of the method, apparatuses, or non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
identifying a symbol having the symbol period, where communicating includes
communicating utilizing the symbol and the first and second resource segments.
Additionally or alternatively, in some examples, communicating with the node includes
communicating utilizing the symbol and the first and second resource segments in a common

subframe.

[0023] In some examples of the method, apparatuses, or non-transitory computer-
readable medium described above, the first resource segment includes a first CP, and the
second resource segment includes a second CP. Additionally or alternatively, in some
examples, communicating with the node includes receiving a control or data signal in the first
resource segment, the second resource segment, and a symbol having the symbol period,

where the control or data signal spans the first and second durations and the symbol period.

[0024] Some examples of the method, apparatuses, or non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
identifying a third resource segment having a third duration that is less than the symbol
period, where a total duration of the first, second, and third durations is greater than the
symbol period, and communicating utilizing the first, second, and third resource segments.
Additionally or alternatively, in some examples, communicating with the node includes
receiving a control or data signal in the first resource segment, the second resource segment,
and the third resource segments, where the control or data signal spans the first, second, and

third durations.

[0025] In some examples of the method, apparatuses, or non-transitory computer-
readable medium described above, the first resource segment, the second resource segment,
or combination thereof includes a DMRS. Additionally or alternatively, in some examples a
symbol includes a portion of the DMRS, the symbol having the symbol period, and the
DMRS spans the first and second durations and the symbol period.

[0026] In some examples of the method, apparatuses, or non-transitory computer-
readable medium described above, the first resource segment, the second resource segment,

or combination thereof includes a CRS. Additionally or alternatively, in some examples, a
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symbol includes a portion of the CRS, the symbol having the symbol period, and the CRS

spans the first and second durations and the symbol period.

[0027] In some examples of the method, apparatuses, or non-transitory computer-
readable medium described above, the first resource segment, the second resource segment,
or combination thereof includes a CSI reference signal. Additionally or alternatively, in
some examples, a symbol includes a portion of the CSI reference signal, the symbol having
the symbol period, and the CSI reference signal spans the first and second durations and the

symbol period.

[0028] The first and second resource segments may include frequency resources of a first
component carrier, and some examples of the method, apparatuses, or non-transitory
computer-readable medium described above may further include processes, features, means,
or instructions for receiving grants for the frequency resources of the first component carrier
utilizing frequency resources of a second component carrier. Additionally or alternatively,
some examples, processes, features, means, or instructions for transmitting feedback related
to the first or second resource segments on the frequency resources of the second component

carrier.

[0029] The foregoing has outlined rather broadly the features and technical advantages of
examples according to the disclosure in order that the detailed description that follows may
be better understood. Additional features and advantages will be described hereinafter. The
conception and specific examples disclosed may be readily utilized as a basis for modifying
or designing other structures for carrying out the same purposes of the present disclosure.
Such equivalent constructions do not depart from the scope of the appended claims.
Characteristics of the concepts disclosed herein, both their organization and method of
operation, together with associated advantages will be better understood from the following
description when considered in connection with the accompanying figures. Each of the
figures is provided for the purpose of illustration and description only, and not as a definition

of the limits of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] A further understanding of the nature and advantages of the present invention may

be realized by reference to the following drawings. In the appended figures, similar
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components or features may have the same reference label. Further, various components of
the same type may be distinguished by following the reference label by a dash and a second
label that distinguishes among the similar components. If only the first reference label is
used in the specification, the description is applicable to any one of the similar components

having the same first reference label irrespective of the second reference label.

[0031] FIG. 1 illustrates an example of a wireless communications system that supports

nested system operation in accordance with various aspects of the present disclosure;

[0032] FIG. 2 illustrates an example of a frame structure that may be used in a wireless
communication system to support nested system operation in accordance with various aspects

of the present disclosure;

[0033] FIG. 3A illustrates an example of a block diagram conceptually illustrating an
example of a radio frame and different subframes that may be transmitted or received in

accordance with various aspects of the present disclosure;

[0034] FIG. 3B illustrates an example of a block diagram conceptually illustrating an
example of cross carrier scheduling in accordance with various aspects of the present

disclosure;

[0035] FIGs. 4A, 4B, and 4C illustrate examples of a block diagrams conceptually
illustrating examples of radio subframes that may be transmitted or received in accordance

with various aspects of the present disclosure;

[0036] FIG. 5 shows a block diagram of a device that supports nested system operation in

accordance with various aspects of the present disclosure;

[0037] FIG. 6 shows a block diagram of a device that supports nested system operation in

accordance with various aspects of the present disclosure;

[0038] FIG. 7 shows a block diagram of a symbol adaptation module that supports nested

system operation in accordance with various aspects of the present disclosure;

[0039] FIG. 8 illustrates a block diagram of a system including a mobile device that
supports nested system operation in accordance with various aspects of the present

disclosure;
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[0040] FIG. 9 illustrates a block diagram of a system including a base station that supports

nested system operation in accordance with various aspects of the present disclosure;

[0041] FIG. 10 shows a flowchart illustrating a method for nested system operation in

accordance with various aspects of the present disclosure;

[0042] FIG. 11 shows a flowchart illustrating a method for nested system operation in

accordance with various aspects of the present disclosure;

[0043] FIG. 12 shows a flowchart illustrating a method for nested system operation in

accordance with various aspects of the present disclosure;

[0044] FIG. 13 shows a flowchart illustrating a method for nested system operation in

accordance with various aspects of the present disclosure;

[0045] FIG. 14 shows a flowchart illustrating a method for nested system operation in

accordance with various aspects of the present disclosure; and

[0046] FIG. 15 shows a flowchart illustrating a method for nested system operation in

accordance with various aspects of the present disclosure.

DETAILED DESCRIPTION
[0047] Techniques are described for resource scheduling for different types of
communications, and for supporting devices operating according to different versions of a
communication standard. This may generally be described as nested system operation. In
some examples, a base station and one or several user equipments (UEs) may be configured
to operate within a wireless communication system using different configurations of resource
(e.g., symbol) duration. Resources within a system may be configured to support
communication—e.g., low latency requirements for certain devices—while maintaining
compatibility with legacy devices—e.g., devices operating according to a prior version of a
communications standard. In order to offer benefits to new devices, such as supporting low
latency operations or an enhanced component carrier, resources may be configured to
complement systems having well-defined tone spacing, symbol duration, bandwidth,
transmission time interval (TTI), and the like. Physical resources configured according to
one numerology may thus be nested within a system generally configured to operate

according to a different numerology.
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[0048] The following description provides examples, and is not limiting of the scope,
applicability, or examples set forth in the claims. Changes may be made in the function and
arrangement of elements discussed without departing from the scope of the disclosure.
Various examples may omit, substitute, or add various procedures or components as
appropriate. For instance, the methods described may be performed in an order different
from that described, and various steps may be added, omitted, or combined. Also, features

described with respect to some examples may be combined in other examples.

[0049] Referring first to FIG. 1, a diagram illustrates an example of a wireless
communications system 100, in accordance with an aspect of the present disclosure. The
wireless communications system 100 includes a plurality of base stations (e.g., eNBs, or
WLAN access points) 105, which may also be referred to as access points, a number of user
equipment (UEs) 115, and a core network 130. Some of the base stations 105 may
communicate with the UEs 115 under the control of a base station controller (not shown),
which may be part of the core network 130 or the certain base stations 105 (e.g., eNBs or
other access points) in various examples. Base stations 105 may communicate control
information and/or user data with the core network 130 through backhaul links 132. In
examples, the base stations 105 may communicate, either directly or indirectly, with each
other over backhaul links 134, which may be wired or wireless communication links. The
wireless communications system 100 may support operation on multiple carriers (waveform
signals of different frequencies). Multi-carrier transmitters can transmit modulated signals
simultaneously on the multiple carriers. For example, each communication link 125 may be a
multi-carrier signal modulated according to the various radio technologies described above.
Each modulated signal may be sent on a different carrier and may carry control information

(e.g., reference signals, control channels, etc.), overhead information, data, etc.

[0050] The base stations 105 may wirelessly communicate with the UEs 115 via one or
more access point antennas. Each of the base stations 105 sites may provide communication
coverage for a respective coverage area 110. In some examples, base stations 105 may be
referred to as a base transceiver station, a radio base station, a radio transceiver, a basic
service set (BSS), an extended service set (ESS), a NodeB, eNodeB, Home NodeB, a Home
eNodeB, or some other suitable terminology. The coverage area 110 for a base station may

be divided into sectors making up only a portion of the coverage area (not shown). The
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wireless communications system 100 may include base stations 105 of different types (e.g.,
macro, micro, and/or pico base stations). The base stations 105 may also utilize different
radio technologies, such as cellular and/or WLAN radio access technologies, and may thus be
referred to as access points. The base stations 105 may be associated with the same or
different access networks or operator deployments. The coverage areas of different base
stations 105, including the coverage areas of the same or different types of base stations 105,
utilizing the same or different radio technologies, and/or belonging to the same or different

access networks, may overlap.

[0051] In LTE/LTE-A network communication systems, the terms evolved Node B
(eNodeB or ¢eNB) may be generally used to describe the base stations 105. The wireless
communications system 100 may be a Heterogeneous LTE/LTE-A network in which
different types of access points provide coverage for various geographical regions. For
example, each base station 105 may provide communication coverage for a macro cell, a pico
cell, a femto cell, and/or other types of cell. Small cells such as pico cells, femto cells, and/or
other types of cells may include low power nodes or LPNs. A macro cell generally covers a
relatively large geographic area (e.g., several kilometers in radius) and may allow
unrestricted access by UEs 115 with service subscriptions with the network provider. A
small cell would generally cover a relatively smaller geographic area and may allow
unrestricted access by UEs 115 with service subscriptions with the network provider, for
example, and in addition to unrestricted access, may also provide restricted access by UEs
115 having an association with the small cell (e.g., UEs in a closed subscriber group (CSG),
UEs for users in the home, and the like). An eNB for a macro cell may be referred to as a
macro eNB. An eNB for a small cell may be referred to as a small cell eNB. An eNB may

support one or multiple (e.g., two, three, four, and the like) cells.

[0052] The core network 130 may communicate with the base stations 105 (e.g., eNBs or
other access points) via a backhaul link 132 (e.g., S1 interface, etc.). The base stations 105
may also communicate with one another, e.g., directly or indirectly via backhaul links 134
(e.g., X2 interface, etc.) and/or via backhaul links 132 (e.g., through core network 130). The
wireless communications system 100 may support synchronous or asynchronous operation.
For synchronous operation, the base stations 105 may have similar frame timing, and

transmissions from different base stations 105 may be approximately aligned in time. For
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asynchronous operation, the base stations 105 may have different frame timing, and
transmissions from different base stations 105 may not be aligned in time. The techniques

described herein may be used for either synchronous or asynchronous operations.

[0053] The UEs 115 are dispersed throughout the wireless communications system 100,
and each UE 115 may be stationary or mobile. A UE 115 may also be referred to by those
skilled in the art as a mobile station, a subscriber station, a mobile unit, a subscriber unit, a
wireless unit, a remote unit, a mobile device, a wireless device, a wireless communications
device, a remote device, a mobile subscriber station, an access terminal, a mobile terminal, a
wireless terminal, a remote terminal, a handset, a user agent, a mobile client, a client, or some
other suitable terminology. A UE 115 may be a cellular phone, a personal digital assistant
(PDA), a wireless modem, a wireless communication device, a handheld device, a tablet
computer, a laptop computer, a cordless phone, a wearable item such as a watch or glasses, a
wireless local loop (WLL) station, or the like. A UE 115 may be able to communicate with
macro eNodeBs, small cell eNodeBs, relays, and the like. A UE 115 may also be able to
communicate over different access networks, such as cellular or other WWAN access
networks, or WLAN access networks. Various UEs 115 within the system 100 may operate
according to different wireless standards, or according to different versions (e.g., “releases”™)
of a particular wireless standard. For example, certain UEs 115 may operate according to a
version particular version of the LTE standard (e.g., LTE Release 11 or earlier). These
devices may be referred to as legacy UEs because they utilize a legacy, or prior release of an
existing standard. Likewise, other UEs 115 may operate according to a different version of
the LTE standard (e.g., post-Release 11), or such devices may employ features beyond those
specified in the LTE standard. Such UEs 115 may be referred to as non-legacy UEs,
advanced UEs, enhanced UEs, low latency UEs, hybrid UEs, or the like.

[0054] The communication links 125 shown in wireless communications system 100 may
include uplink (UL) transmissions from a UE 115 to a base station 105, or downlink (DL)
transmissions, from a base station 105 to a UE 115. The downlink transmissions may also be
called forward link transmissions while the uplink transmissions may also be called reverse
link transmissions. Each communication link 125 may include one or more carriers, where
cach carrier may be a signal made up of multiple sub-carriers (e.g., waveform signals of

different frequencies) modulated according to the various radio technologies described above.
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Each modulated signal may be sent on a different sub-carrier and may carry control
information (e.g., reference signals, control channels, etc.), overhead information, user data,
etc. The communication links 125 may transmit bidirectional communications using
frequency division duplex (FDD) (e.g., using paired spectrum resources) or time division
duplex (TDD) operation (e.g., using unpaired spectrum resources). Frame structures for FDD

(e.g., frame structure type 1) and TDD (e.g., frame structure type 2) may be defined.

[0055] In some examples of the system 100, base stations 105 or UEs 115 may include
multiple antennas for employing antenna diversity schemes to improve communication
quality and reliability between base stations 105 and UEs 115. Additionally or alternatively,
base stations 105 or UEs 115 may employ multiple input multiple output (MIMO) techniques
that may take advantage of multi-path environments to transmit multiple spatial layers

carrying the same or different coded data.

[0056] Wireless communications system 100 may support operation on multiple cells or
carriers, a feature which may be referred to as carrier aggregation (CA) or multi-carrier
operation. A carrier may also be referred to as a component carrier (CC), a layer, a channel,

2% ¢

etc. The terms “carrier,” “component carrier,” “cell,” and “channel” may be used
interchangeably herein. A UE 115 may be configured with multiple downlink CCs and one
or more uplink CCs for carrier aggregation. Carrier aggregation may be used with both FDD

and TDD component carriers.

[0057] The term “component carrier” may refer to each of the multiple carriers utilized by
a UE in CA operation, and may be distinct from other portions of system bandwidth. For
instance, a component carrier may be a relatively narrow-bandwidth carrier susceptible of
being utilized independently or in combination with other component carriers. Each
component carrier may provide the same capabilities as an isolated carrier based on Release 8
or Release 9 of the LTE standard, for instance. Multiple component carriers may be
aggregated or utilized concurrently to provide some UEs 115 with greater bandwidth and,
e.g., higher data rates. Thus, individual component carriers may be backwards compatible
with legacy UEs 115 while other UEs 115 may be configured with multiple component

carriers in a multi-carrier mode.

[0058] A carrier used for DL may be referred to as a DL CC, and a carrier used for UL
may be referred to as an UL CC. A UE 115 may be configured with multiple DL CCs and
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one or more UL CCs for carrier aggregation. Each carrier may be used to transmit control
information (e.g., reference signals, control channels, etc.), overhead information, data, etc.
A UE 115 may communicate with a single base station 105 utilizing multiple carriers, and
may also communicate with multiple base stations simultaneously on different carriers. Each
cell of a base station 105 may include an UL component carrier (CC) and a DL CC. The
coverage arca 110 of each serving cell for a base station 105 may be different (e.g., CCs on

different frequency bands may experience different path loss).

[0059] In some examples, one carrier is designated as the primary carrier, or primary
component carrier (PCC), for a UE 115, which may be served by a primary cell (PCell).
Primary cells may be semi-statically configured by higher layers (e.g., radio resource control
(RRC), etc.) on a per-UE basis. Certain uplink control information (UCI), and scheduling
information transmitted on physical uplink control channel (PUCCH), are carried by the
primary cell. Additional carriers may be designated as secondary carriers, or secondary
component carriers (SCC), which may be served by secondary cells (SCells). Secondary
cells may likewise be semi-statically configured on a per-UE basis. In some cases, secondary
cells may not include or be configured to transmit the same control information as the
primary cell. In some examples, and as described below, an enhanced component carrier
(eCC) may be configured—e.g., as an SCell. An eCC may utilize nested system operation,
which may be dynamically adjusted according to traffic conditions or latency needs of UEs
115 within the system. In some examples, a UE 115 may be assigned resources of a first CC
(e.g., SCC) utilizing frequency resources of a second component carrier (e.g., PCC). For
instance, one or more OFDM symbols of a subframe of the second CC may be configured to
signal control information for resource segments of the first CC. Additionally or
alternatively, a UE 115 may utilize one CC to transmit control information such as channel
quality information (CQI), hybrid automatic repeat request (HARQ) feedback (e.g.,
ACK/NACK), etc. to the base station 105. As described below, the resource segments of the

first CC may have a duration less than a symbol period of the second CC.

[0060] In some cases, a UE 115 may be served by cells from two or more base stations 105
that are connected by a non-ideal backhaul link 134 in dual connectivity operation. For
example, the connection between the serving base stations 105 may not be sufficient to

facilitate precise timing coordination. Thus, in some cases, the cells serving a UE 115 may
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be divided into multiple timing adjustment group (TAGs). Each TAG may be associated
with a different timing offset, such that the UE 115 may synchronize UL transmissions

differently for different UL carriers.

[0061] In some examples, one cell may utilize licensed spectrum, while another cell may
utilize unlicensed spectrum. An eCC may be configured for unlicensed spectrum, for
instance. Broadly speaking, the unlicensed spectrum in some jurisdictions may range from
600 Megahertz (MHz) to 6 Gigahertz (GHz). As used herein, the term “unlicensed spectrum”
or “shared spectrum” may thus refer to industrial, scientific and medical (ISM) radio bands,
irrespective of the frequency of those bands. In some examples, unlicensed spectrum is the
U-NII radio band, which may also be referred to as the SGHz or 5G band. By contrast, the
term “licensed spectrum” or “cellular spectrum” may be used herein to refer to wireless
spectrum utilized by wireless network operators under administrative license from a

governing agency.

[0062] FIG. 2 is a diagram illustrating an example of a frame structure 200 that may be
used in a wireless communication system, including the wireless communication system 100
described above with reference to the FIG. 1. For example, the frame structure 200 may be
used to support nested system operation. A frame 210, which may have a 10 ms duration,
may be divided into ten (10) equally sized subframes (e.g., subframe 225, 230, 235, 240, 245,
etc.).

[0063] An OFDMA component carrier (CC) 250 may be illustrated as a resource grid
representing the two time slots 262, 264, each time slot including seven OFDM symbols 266,
for a normal cyclic prefix. Each OFDM symbol 266 may have a duration defined as a
symbol period. As discussed in further detail below, each subframe 225, and thus one or both
slots 262 or 264, may also include resource segments having a duration less than a symbol
period. Accordingly, in some examples, CC 250 is an eCC configured to support low latency

operations.

[0064] The resource grid may be divided into multiple resource elements 252. As with
LTE/LTE-A systems, a resource block 256 may contain 12 consecutive subcarriers 268 in the
frequency domain and, for a normal cyclic prefix in each OFDM symbol 266, 7 consecutive
OFDM symbols 266 in the time domain, or 84 resource elements 252. The tone spacing for

subcarriers 268 may be 15 kHz, and a useful symbol duration for OFDM symbols 266 may
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be 66.67 us. OFDM symbols 266 may also include a cyclic prefix that is, for a normal LTE
cyclic prefix, 5.1 us for a first OFDM symbol 266 in each slot 262, 264, or 4.69 us for other
OFDM symbols 266.

[0065] In some examples, one or more OFDM symbols 266 within the subframe 230
structure may be divided into several resource segments having varying durations (as shown
in FIG. 3). For instance, one resource segment having a duration that is less than a symbol
period may be configured within subframe 225; and a second resource segment having a
duration less than a symbol period may also be configured in subframe 225. These resource
segments may have a total duration that is less than or equal to a symbol period. In some
cases, one or both resource segments are configured with a cyclic prefix (CP). The subframe
225 may also have an OFDM symbol configured adjacent to the resource segments such that
a control or data signal may be transmitted utilizing the symbol and the resource segments,
where the signal duration spans the symbol period and the durations of the resource

segments.

[0066] As illustrated in FIG. 2, some of the resource elements, designated R (e.g., RS
resource element 254), may include DL reference signals (DL-RS). In system 100 of FIG. 1,
for instance, a base station 105 may, for example, insert periodic DL-RS, or pilot symbols,
such as common reference signals (CRS) to aid UEs 115 in channel estimation and coherent
demodulation. CRS may include one of 504 different cell identities. They may be modulated
using quadrature phase shift keying (QPSK) and power boosted (e.g., transmitted at 6dB
higher than the surrounding data elements) to make them resilient to noise and interference.
CRS may be embedded in 4 to 16 resource elements, in each resource block based on the
number of antenna ports or layers (up to 4) of the receiving UEs 115. Additionally or
alternatively, CRS may be transmitted utilizing resource segments, as described below. In
some examples, one or more subframes (e.g., 225, 230, 235, 240, 245) may be allocated for
use by, and may thus have resources scheduled for, certain UEs 115, such as advanced UEs
115. In such instances, although no resources in the subframe may be scheduled for a legacy
UE 115, a legacy UE 115 may nonetheless monitor the subframe for CRS. In some cases, in
order to minimize interference for legacy UEs 115, consistent OFDM numerology (e.g., tone
spacing, OFDM symbol, etc.) may be maintained to support communication for with both

advanced UEs 115 and the legacy UEs 115.
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[0067] In addition to CRS, which may be utilized by all UEs 115 in the coverage area 110
of the base station 105, demodulation reference signal (DMRS) may be directed toward
specific UEs 115 and may be transmitted only on resource blocks, or resource segments,
assigned to those UEs 115. DMRS may include signals on 6 resource elements in each
resource block in which they are transmitted. In other examples, DMRS may be transmitted
on a single resource segment, or on multiple resource segments. In some cases, two sets of
DMRS may be transmitted in adjoining resource elements or in a combination of resource
elements (e.g., symbols) and resource segments. In some cases, additional reference signals
known as channel state information (CSI) reference signals may be included to aid in
generating CSI. On the UL, a UE 115 may transmit a combination of periodic sounding

reference signals (SRS) and UL DMRS for link adaptation and demodulation, respectively.

[0068] FIG. 3A is a block diagram 300 conceptually illustrating an example of radio frame
305 that may be transmitted within a wireless communication system, in accordance with an
aspect of the present disclosure. The radio frame 305may be transmitted using portions of the
wireless communications system 100 described with reference to FIG. 1 between one or more
base stations 105 and one or more UEs 115, for example. Radio frame 305 may be a frame
of an eCC, as described above. Radio frame 305 may include ten (10) 1 ms subframes
variously configured for uplink and downlink communications, including downlink
subframes 310, special subframes 315, uplink subframes 320, or adaptive subframe 323, or a
combination thereof. The downlink subframes 310, special subframes 315, uplink subframes
320, and adaptive subframe 323 may include a subframe structure as discussed above with
respect to FIG. 2, including fourteen (14) symbols 325 within each 1 ms subframe. In some
examples, downlink subframes 310 may include downlink OFDM symbols, uplink subframes
320 may include SC-FDM symbols, and special subframes 315 and adaptive subframes 323
may include both uplink SC-FDM symbols and downlink OFDM symbols.

[0069] In some examples, certain subframes are configured with resource segments having
a duration less than a symbol period. For instance, adaptive subframe 323 may include
several OFDM symbols 325 that may be further subdivided into resource segments 330, 335,
340, and 345. Although each segment may be of varying length (e.g., duration), the total
duration of the resource segments 330, 335, 340 and 345 may equal the symbol period of the
OFDM symbols 325. Thus, a base station or UE may utilize the resource segments 330, 335,
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340, and 345 to transmit or receive control or data signals, or both. In some examples, a
control or data signal may span some or all of a resource segment (e.g., segment 345) and
some or all of a symbol period of a symbol (e.g., OFDM symbol 325). In some cases, a
portion of the subframe 323 is allocated for advanced UEs 115 (e.g., OFDM symbol 2), and
the remaining portion of the subframe (e.g., OFDM symbols 0-1 or 3-13) may be allocated to
legacy UEs 115. Additionally or alternatively, resource segments 330, 335, 340, 345 may
include cyclic prefixes 350 and 355.

[0070] Therefore, in some examples, certain UEs, such as advanced UEs, may be
configured to communicate using resources configured as OFDM symbols (e.g., OFDM
symbol 325) or resources subdivided into resource segments (e.g., resource segment 335), or
both. This flexible resource configuration may be utilized to support lower latency
communication. For example, adaptive subframe 323 may be configured for time-division
multiplexing such that various resource segments or symbols may be utilized for uplink and
downlink communications. Alternatively, a downlink subframe (e.g., subframe 310) may be
configured with resource segments (e.g., resource segments 335, 340, or 345). These
segments may utilize wide-frequency bands and short durations, relative to a symbol period
of an OFDM symbol 325, to provide downlink bursts. Uplink subframes (e.g., subframe 320)

may be similarly configured to utilize resource segments.

[0071] In some examples, the duration of the one or more segments or OFDM numerology
design of such segments (e.g., tone spacing or OFDM symbol length) may be based on a
number of factors, including, for example, delay spreads, Doppler shifts, or the like.
Additionally, because the configuration of certain resource segments configured for advanced
UEs may affect resource allocation for legacy UEs, a duration of a resource segment may be

defined with respect to legacy LTE system numerology.

[0072] An LTE OFDM symbol (e.g., 325) with a cyclic prefix may have a symbol period
(e.g., a duration) of 71.4 ps (e.g., 66.67 us OFDM symbol with 4.76 us CP). Thus, in some
cases, 71.4 us may represent a duration within which resource segments may need to be
synchronized for operation. For instance, if a resource segment is 16.67 us in duration, four
(4) such segments may be configured within an LTE symbol period, leaving 1.2 s for a
cyclic prefix, which may be too short in some cases. Alternatively, if three (3) resource

segments of 16.67 us are configured within an LTE symbol period, a cyclic prefix may be 7.1



10

15

20

25

30

WO 2016/094191 PCT/US2015/063763
19

us, which may be too long in some cases. Accordingly, in some examples, three (3) 16.67 us
resource segments and one (1) 8.33 ps resource segment may be configured within an LTE
symbol period, allowing for a cyclic prefix length of 3.27 us, which may be preferable in

some scenarios.

[0073] In other examples, resource segments may be configured within a duration of
several LTE symbols. For instance, seven (7) 16.67 us resource segments with a cyclic
prefix of 3.73 ps may be configured within the duration of two (2) LTE symbols. The
resource segments may thus not be divided evenly by LTE symbol period, but such a
configuration may still support backward compatibility with proper resource allocation. For
instance, if OFDM symbols 2 and 3 of adaptive subframe 323 are configured with resource
segments as described, those two symbols may not be allocated to legacy UEs, but symbols 0,

1, and 4-13 may still be utilized by legacy UEs.

[0074] In some examples, one or more adaptive subframes 323 may be Multicast-broadcast
single-frequency network (MBSFN) subframes used to provide multimedia multicast or
broadcast services to certain UEs 115. The configuration of such subframes may be signaled
to both advanced and legacy UEs within a system, for instance, in PBCH. A legacy UE 115
may not monitor the MBSFN portion of the MBSFN subframe, and thus may not attempt to
decode the MBSFN portion, because the legacy UE may not be capable of receiving
multicast or broadcast service, for example. As a result, the resources of the MBSFN portion
of a an MBSFN subframe may be allocated to advanced UEs 115 without adversely
impacting legacy UEs, because the legacy UE may not attempt to decode such information.
Accordingly, in a system employing multicast-broadcast services, unused MBSFN
subframes, or portions of MBSFN subframes, may be configured with resource segments
have a duration less than an LTE symbol period. This configuration may provide for ready

backward compatibility with legacy UEs.

[0075] FIG. 3B is a block diagram 302 conceptually illustrating an example of radio
frames 305-a and 360 that may be transmitted within a wireless communication system, in
accordance with an aspect of the present disclosure. The radio frames 305-a or 360 may be
transmitted using portions of the wireless communications system 100 described with

reference to FIG. 1 between one or more base stations 105 and one or more UEs 115, for
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example. Radio frame 305-a may be a frame of an eCC, as described above, and may be an

example of radio frame 305 described above with reference to FIG. 3A.

[0076] As discussed above, radio frame 305-a may include ten (10) 1 ms subframes
variously configured for uplink and downlink communications, including downlink
subframes 310-a, special subframes 315-a, uplink subframes 320-a, or adaptive subframe
323-a, or a combination thereof. One or more adaptive subframes may include a subframe
structure as discussed above with respect to FIG. 2, including fourteen (14) symbols 325
within each 1 ms subframe, which may be further configured with a number of resource

segments.

[0077] Radio frame 360 may be a frame of another component carrier, which may be a
PCC, for a UE 115. Radio frame 360 may also include a number of subframes (e.g.,
subframe 365), and may be further divided into symbol periods—e.g., a subframe 365 may
have fourteen (14) OFDM symbols within each 1 ms subframe. Some of the OFDM symbols
of a subframe may include control information, and may be referred to as a control region
370 and the remaining symbols may include or be allocated for data, and may be referred to
as a data region 372). In some examples, OFDM symbols 375 (or a portion of an OFDM
symbol) of the radio frame 360 of (e.g., a radio frame of one CC) may be utilized to schedule
resources of the radio frame 305-a (e.g., a radio frame of an eCC). This cross-carrier
scheduling may be performed utilizing, in some examples, resources of a data region 372 of a
subframe 365. Thus, frequency resources of one CC may be utilized to schedule frequency
resources of one or several resource segments 330-a or 335-a of adaptive subframe 323 of
another CC. Additionally or alternatively, feedback related to the resource segments 330-a or
335-a (e.g., CQI, ACK/NACK, etc.) may be transmitted (and received) on frequency
resources of the radio frame 360 (e.g., OFDM symbol 375).

[0078] The time lines of radio frames 305-a and 360 may be synchronized. For instance, a
resource segment 330-a may be synchronized with a symbol period of an OFDM symbol 375.
In some examples, the resource segments 330-a and 335-a are synchronized with several
symbol periods of subframe 365. This synchronization may support cross-carrier scheduling,
as described above, thus allowing a subset of resources of the radio frame 360 to be used for
control of a subset of resources of radio frame 305-a. This may apply for uplink control

signaling or downlink control signaling, or both.
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[0079] As mentioned, reference signals—e.g., DMRS, CRS, CSI reference signals, etc. or
measurement reference signals—may be transmitted in one or more segments 330, 335, 340,

or 345, or may span the entire period of an OFDM symbol 325, of FIGS. 3A or 3B. 325-a.

[0080] FIGS. 4A, 4B, and 4C are diagrams illustrating example subframe structures 400,
402, and 404, respectively, and various reference signal configurations that may be used in a
wireless communication system, including the wireless communication system 100 described
above with reference to FIG. 1. For example, the subframe structures 400, 402, and 404 may
be used for a nested system configuration. Subframe structures 400, 402, and 404 may, for

instance, be examples of subframes described with reference to FIGs. 2 or 3.

[0081] In accordance with the present disclosure, subframe structures 400, 402, and 404
may include one or several resource segments 405, 410 of varying durations, as well as
several symbols having a symbol period (e.g., symbol 325-a illustrated in FIG. 3). In some
examples, a resource segment may span an OFDM symbol period (e.g., a resource segment
405 may be equivalent to an OFDM symbol). Additionally or alternatively, subframe
structures 400, 402, and 404 may include resource segments 410 having duration that is less

than a regular OFDM symbol period.

[0082] The resource segments may be configured to include DMRS, CRS, CSI reference
signals, or the like. For example, as illustrated in FIG. 4A, reference signals may be
transmitted in an OFDM symbol having a symbol period (e.g., 405-a through 405-c). In
some examples, reference signals may be transmitted over one or several resource segments
410-a through 410-c, as illustrated in FIG. 4B. In other examples, one or more reference
signals may span a several resource segments 415-a of a subframe 404, as illustrated in FIG.
4C. In other words, a reference signal may be transmitted within a symbol, over several
symbols, within a single resource segment, over several resource segments, or over a
combination of symbols and resource segments. In various examples, this flexibility in
reference signal assignment may allow either legacy UESs or non-legacy UEs, or both, to

utilize reference signals transmitted within a subframe structure 400, 402, 404.

[0083] FIG. S shows a block diagram of a wireless device 500 that supports nested system
operation in accordance with various aspects of the present disclosure. Wireless device 500
may be an example of aspects of a UE 115 or base station 105 described with reference to

FIGs. 1-4. Wireless device 500 may include a receiver 505, a symbol adaptation module 510,
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or a transmitter 515. Wireless device 500 may also include a processor. Each of these

components may be in communication with one another.

[0084] The receiver 505 may receive information such as packets, user data, or control
information associated with various information channels—e.g., control channels, data
channels, and information related to nested system operation, etc. Information may be passed

on to the symbol adaptation module 510, and to other components of wireless device 500.

[0085] The symbol adaptation module 510 may configure a first resource segment having a
first duration that is less than a symbol period, and it may configure a second resource
segment having a second duration that is less than the symbol period. A total duration of the
first and second durations may, for example, be less than or equal to the symbol period, and

communicate utilizing the configured first and second resource segments.

[0086] The transmitter 515 may transmit signals received from other components of
wireless device 500. In some examples, the transmitter 515 may be collocated with the
receiver 505 in a transceiver. The transmitter 515 may include a single antenna, or it may

include a plurality of antennas.

[0087] FIG. 6 shows a block diagram of a wireless device 600 that supports nested system
operation in accordance with various aspects of the present disclosure. Wireless device 600
may be an example of aspects of a wireless device 500, a UE 115, or base station 105
described with reference to FIGs. 1-5. Wireless device 600 may include a receiver 505-a, a
symbol adaptation module 510-a, or a transmitter 515-a. Wireless device 600 may also
include a processor. Each of these components may be in communication with one another.
The symbol adaptation module 510-a may also include a symbol segment module 605, and a

communication management module 610.

[0088] The receiver 505-a may receive information which may be passed on to symbol
adaptation module 510-a, and to other components of a UE 115 or base station 105. The
symbol adaptation module 510-a may perform the operations described above with reference
to FIG. 5. The transmitter 515-a may transmit signals received from other components of

wireless device 600.

[0089] The symbol segment module 605 may configure a first resource segment having a

first duration that is less than a symbol period as described above with reference to FIGs. 2-4.
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The symbol segment module 605 may also configure a second resource segment having a
second duration that is less than the symbol period, such that a total duration of the first and
second durations is less than or equal to the symbol period. In some examples, the first
resource segment may be configured to utilize the first resource segment module 615.
Similarly, the second resource segment may be configured utilizing the second resource
segment module 620. In some examples, the first resource segment may include a first CP,
and the second resource segment may include a second CP. The symbol segment module 605
may also configure a third resource segment having a third duration that is less than the
symbol period, such that a total duration of the first, second, and third durations is greater
than the symbol period. The third resource segment may be configured utilizing the third

resource segment module 625.

[0090] In some examples, the symbol segment module 605 may also identify a first
resource segment having a first duration that is less than a symbol period. The symbol
segment module 605 may also identify a second resource segment having a second duration
that is less than the symbol period, where a total duration of the first and second durations is
less than or equal to the symbol period. The symbol segment module 605 may also identify a
third resource segment having a third duration that is less than the symbol period, where a

total duration of the first, second, and third durations is greater than the symbol period.

[0091] The communication management module 610 may communicate utilizing the
configured first and second resource segments as described above with reference to FIGs. 2-
4. In some examples, communicating may include communicating utilizing the configured
symbol, the configured first resource segment, the configured second resource segment, or

combination thereof in a common subframe.

[0092] In some examples, communicating may include transmitting a control or data signal
in the first resource segment, the second resource segment, and a symbol having the symbol
period. The control or data signal may thus span the first and second durations and the

symbol period.

[0093] The communication management module 610 may also communicate utilizing the
configured first, second, and third resource segments. In some examples, communicating
includes transmitting a control or data signal in the first resource segment, the second

resource segment, and the third resource segment, and the control or data signal may span the
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first, second, and third durations. The communication management module 610 may also
communicate with a node utilizing the first and second resource segments. In some
examples, communicating with the node includes communicating utilizing the symbol and

the first and second resource segments in a common subframe.

[0094] In some examples, communicating with the node includes receiving a control or
data signal in the first resource segment, the second resource segment, and a symbol having
the symbol period. The control or data signal may thus span the first and second durations
and the symbol period. The communication management module 610 may also communicate
utilizing the first, second, and third resource segments. In some examples, communicating
with the node includes receiving a control or data signal in the first resource segment, the
second resource segment, and the third resource segments, where the control or data signal

spans the first, second, and third durations.

[0095] In some examples, first and second resource segments may be frequency resources
of a first component carrier. The communication management module 610 may thus
schedule the frequency resources of the first component carrier using frequency resources of
a second component carrier. In some cases, the receiver 505-a, in combination with the
communication management module may receive feedback related to the first or second
resource segments on the frequency resources of the second component carrier.
Alternatively, the receiver 505-a, in combination with the communication management
module 610, may receive grants for the frequency resources of the first component carrier on
frequency resources of a second component carrier. In some examples, the transmitter 515-a
may transmit feedback related to the first or second resource segments on the frequency

resources of the second component carrier.

[0096] FIG. 7 shows a block diagram 700 of a symbol adaptation module 510-b which
may be a component of a wireless device 500 or a wireless device 600 that support nested
system operation in accordance with various aspects of the present disclosure. The symbol
adaptation module 510-b may be an example of aspects of a symbol adaptation module 510
described with reference to FIGs. 5-6. The symbol adaptation module 510-b may include a
symbol segment module 605-a, and a communication management module 610-a. Each of

these modules may perform the functions described above with reference to FIG. 6. The
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symbol adaptation module 510-b may also include a symbol configuration module 705, a RS

assignment module 710, and a symbol identification module 715.

[0097] The symbol configuration module 705 may configure a symbol having the symbol
period, where communicating with the wireless device includes communicating utilizing the
configured symbol the configured first and second resource segments as described above with

reference to FIGs. 2-4.

[0098] The RS assignment module 710 may be configured such that the first resource
segment, the second resource segment, or a combination thercof may include a DMRS as
described above with reference to FIGs. 2-4. In some examples, a symbol includes a portion
of the DMRS, where the symbol has a duration of the symbol period, and where the DMRS
spans the first and second durations and the symbol period. In some examples, the first
resource segment, the second resource segment, or combination thereof may include a CRS.
A symbol may thus include a portion of the CRS, where the symbol has a duration of the
symbol period, and where the CRS spans the first and second durations and the symbol
period. In some examples, the first resource segment, the second resource segment, or
combination thereof include a CSI reference signal. In some examples, a resource, such as a
symbol, includes a portion of the CSI reference signal, where the symbol has a duration of the
symbol period, and where the CSI reference signal spans the first and second durations and

the symbol period.

[0099] The symbol identification module 715 may identify a symbol having the symbol
period, such that communicating may include communicating utilizing the symbol and the

first and second resource segments as described above with reference to FIGs. 2-4.

[0100] The components of wireless device 500, wireless device 600, or symbol adaptation
module 510-b may each, individually or collectively, be implemented with at least one
application specific integrated circuit (ASIC) adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on at least one IC. In other examples other types of integrated
circuits may be used (e.g., Structured/Platform ASICs, a field programmable gate array
(FPGA), or another semi-custom IC), which may be programmed in any manner known in

the art. The functions of each unit may also be implemented, in whole or in part, with
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instructions embodied in a memory, formatted to be executed by one or more general or

application-specific processors.

[0101] FIG. 8 shows a diagram of a system 800 including a UE 115 that supports nested
system operation in accordance with various aspects of the present disclosure. System 800
may include UE 115-a, which may be an example of a wireless device 500 or a wireless
device 600, described above with reference to FIGs. 1 and 5-7. UE 115-a may include a
symbol adaptation module 810, which may be an example of a symbol adaptation module
510 described with reference to FIGs. 5-7. UE 115-a may also include an RS identification
module 825. UE 115-a may also include components for bi-directional voice and data
communications including components for transmitting communications and components for
receiving communications. For example, UE 115-a may communicate bi-directionally with

base station 105-a or UE 115-b. UE 115-a may be an example of a non-legacy UE.

[0102] The RS identification module 825 may be configured such that the first resource
segment, the second resource segment, or combination thereof may include a DMRS as
described above with reference to FIGs. 2-4. In some examples, a symbol includes a portion
of the DMRS, the symbol having the symbol period, and where the DMRS spans the first and
second durations and the symbol period. In some examples, the first resource segment, the
second resource segment, or combination thereof includes a CRS. In some examples, a
symbol includes a portion of the CRS, the symbol having the symbol period, and where the
CRS spans the first and second durations and the symbol period. In some examples, the first
resource segment, the second resource segment, or combination thereof includes a CSI
reference signal. In some examples, a symbol includes a portion of the CSI reference signal,
the symbol having the symbol period, and where the CSI reference signal spans the first and

second durations and the symbol period.

[0103] UE 115-a may also include a processor 805, and memory 815 (including software
(SW) 820), a transceiver 835, and one or more antenna(s) 840, each of which may
communicate, directly or indirectly, with one another (e.g., via bus or buses 845). The
transceiver 835 may communicate bi-directionally, via the antenna(s) 840 or wired or
wireless links, with one or more networks, as described above. For example, the transceiver
835 may communicate bi-directionally with a base station 105 or another UE 115. The

transceiver 835 may include a modem to modulate the packets and provide the modulated
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packets to the antenna(s) 840 for transmission, and to demodulate packets received from the
antenna(s) 840. While UE 115-a may include a single antenna 840, UE 115-a may also have
multiple antennas 840 capable of concurrently transmitting or receiving multiple wireless

transmissions.

[0104] The memory 815 may include random access memory (RAM) and read only
memory (ROM). The memory 815 may store computer-readable, computer-executable
software/firmware code 820 including instructions that, when executed, cause the processor
805 to perform or cause UE 115-a to perform various functions described herein (e.g., nested
system operation, etc.). Alternatively, the software/firmware code 820 may not be directly
executable by the processor 805 but cause a computer (e.g., when compiled and executed) to
perform functions described herein. The processor 805 may include an intelligent hardware

device, (e.g., a central processing unit (CPU), a microcontroller, an ASIC, etc.).

[0105] FIG. 9 shows a diagram of a system 900 including a base station 105 that supports
nested system operation in accordance with various aspects of the present disclosure. System
900 may include base station 105-b, which may be an example of a wireless device 500, a
wireless device 600, a symbol adaptation module 510-b, or a base station 105 described
above with reference to FIGs. 1 and 5-7. Base Station 105-b may include a base station
symbol adaptation module 910, which may be an example of a base station symbol
adaptation module 910 described with reference to FIGs. 6-8. Base Station 105-b may also
include components for bi-directional voice and data communications including components
for transmitting communications and components for receiving communications. In some
examples, the base station 105-b may also include a reference signal identification module

945.

[0106] In some cases, base station 105-b may have one or more wired backhaul links.

Base station 105-b may have a wired backhaul link (e.g., S1 interface, etc.) to the core
network 130. Base station 105-b may also communicate with other base stations 105, such as
base station 105-c and base station 105-d via inter-base station backhaul links (e.g., an X2
interface). Each of the base stations 105 may communicate with UEs 115 using the same or
different wireless communications technologies. In some cases, base station 105-b may
communicate with other base stations such as 105-c or 105-d utilizing base station

communications module 925. In some examples, base station communications module 925
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may provide an X2 interface within an LTE/LTE-A wireless communication network
technology to provide communication between some of the base stations 105. In some
embodiments, base station 105-b may communicate with other base stations through core
network 130. In some cases, base station 105-b may communicate with the core network 130

through network communications module 930.

[0107] The base station 105-b may include a processor 905, memory 915 (including
software (SW) 920), transceiver 935, and antenna(s) 940, which each may be in
communication, directly or indirectly, with one another (e.g., over bus or buses 947). The
transceiver 935 may be configured to communicate bi-directionally, via the antenna(s) 940,
with the UEs 115, which may be multi-mode devices. The transceiver 935 (or other
components of the base station 105-b) may also be configured to communicate bi-
directionally, via the antennas 940, with one or more other base stations (not shown). The
transceiver 935 may include a modem configured to modulate the packets and provide the
modulated packets to the antennas 940 for transmission, and to demodulate packets received
from the antennas 940. The base station 105-b may include multiple transceiver 935, each
with one or more associated antennas 940. The transceiver 935 may be an example of a

combined receiver 505 and transmitter 515 of FIG. 5.

[0108] The memory 915 may include RAM and ROM. The memory 915 may also store
computer-readable, computer-executable software code 920 containing instructions that are
configured to, when executed, cause the processor 905 to perform or cause base station 105-b
to perform various functions described herein (e.g., nested system operation, etc.).
Alternatively, the software code 920 may not be directly executable by the processor 905 but
be configured to cause the computer, e.g., when compiled and executed, to perform functions
described herein. The processor 905 may include an intelligent hardware device, ¢.g., a CPU,
a microcontroller, an ASIC, etc. The processor 905 may include various special purpose
processors such as encoders, queue processing modules, base band processors, radio head
controllers, digital signal processor (DSPs), and the like. The base station communications
module 925 may manage communications with other base stations 105. The communications
management module may include a controller or scheduler for controlling communications

with UEs 115 in cooperation with other base stations 105. For example, the base station
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communications module 925 may coordinate scheduling for transmissions to UEs 115 for

various interference mitigation techniques such as beamforming or joint transmission.

[0109] The RS identification module 945 may be configured such that the first resource
segment, the second resource segment, or combination thereof may include a DMRS as
described above with reference to FIGs. 2-4. In some examples, a symbol includes a portion
of the DMRS, the symbol having the symbol period, and where the DMRS spans the first and
second durations and the symbol period. In some examples, the first resource segment, the
second resource segment, or combination thereof includes a CRS. In some examples, a
symbol includes a portion of the CRS, the symbol having the symbol period, and where the
CRS spans the first and second durations and the symbol period. In some examples, the first
resource segment, the second resource segment, or combination thereof includes a CSI
reference signal. In some examples, a symbol includes a portion of the CSI reference signal,
the symbol having the symbol period, and where the CSI reference signal spans the first and

second durations and the symbol period.

[0110] FIG. 10 shows a flowchart illustrating a method 1000 for wireless communication
that supports nested system operation in accordance with various aspects of the present
disclosure. The operations of method 1000 may be implemented by a UE 115 or base station
105 or its components as described with reference to FIGs. 1-9. For example, the operations
of method 1000 may be performed by the symbol adaptation module 510, symbol adaptation
module 810, or base station symbol adaptation module 910, as described with reference to
FIGs. 5-9. In some examples, a device (e.g., base station 105 or UE 115) may execute a set
of codes to control the functional elements to perform the functions described below.
Additionally or alternatively, the device may perform aspects the functions described below

using special-purpose hardware.

[0111] At block 1005, the device may configure a first resource segment having a first
duration that is less than a symbol period as described above with reference to FIGs. 2-4. In
certain examples, the operations of block 1005 may be performed by the symbol segment

module 605 as described above with reference to FIG. 6.

[0112] At block 1010, the device may configure a second resource segment having a
second duration that is less than the symbol period, where a total duration of the first and

second durations is less than or equal to the symbol period as described above with reference



10

15

20

25

WO 2016/094191 PCT/US2015/063763
30

to FIGs. 2-4. In certain examples, the operations of block 1010 may be performed by the

symbol segment module 605 as described above with reference to FIG. 6.

[0113] At block 1015, the device may communicate utilizing the configured first and
second resource segments as described above with reference to FIGs. 2-4. In certain
examples, the operations of block 1015 may be performed by the communication

management module 610 as described above with reference to FIG. 6.

[0114] FIG. 11 shows a flowchart illustrating a method 1100 for wireless communication
that supports nested system operation in accordance with various aspects of the present
disclosure. The operations of method 1100 may be implemented by a UE 115, base station
105 or its components as described with reference to FIGs. 1-9. For example, the operations
of method 1100 may be performed by the symbol adaptation module 510, symbol adaptation
module 810, or base station symbol adaptation module 910, as described with reference to
FIGs. 5-9. In some examples, a device (e.g., base station 105 or UE 115) may execute a set
of codes to control the functional elements of the device to perform the functions described
below. Additionally or alternatively, the device may perform aspects the functions described
below using special-purpose hardware. The method 1100 may also incorporate aspects of

method 1000 of FIG. 10.

[0115] At block 1105, the device may configure a first resource segment having a first
duration that is less than a symbol period as described above with reference to FIGs. 2-4. In
certain examples, the operations of block 1105 may be performed by the symbol segment

module 605 as described above with reference to FIG. 6.

[0116] At block 1110, the device may configure a second resource segment having a
second duration that is less than the symbol period, where a total duration of the first and
second durations is less than or equal to the symbol period as described above with reference
to FIGs. 2-4. In certain examples, the operations of block 1110 may be performed by the

symbol segment module 605 as described above with reference to FIG. 6.

[0117] At block 1115, the device may configure a symbol having the symbol period. In
certain examples, the operations of block 1115 may be performed by the symbol

configuration module 705 as described above with reference to FIG. 7.



10

15

20

25

30

WO 2016/094191 PCT/US2015/063763
31

[0118] At block 1120, the device may communicate utilizing the configured symbol, the
configured first and second resource segments, or combination thereof as described above
with reference to FIGs. 2-4. In certain examples, the operations of block 1120 may be
performed by the communication management module 610 as described above with reference
to FIG. 6. In some examples, the first and second resource segments include frequency
resources of a first component carrier, and the device may schedule the frequency resources
of the first component carrier utilizing resources of a second component carrier. Additionally
or alternatively, the device may receive feedback related to the first or second resource

segments on the frequency resources of the second component carrier.

[0119] FIG. 12 shows a flowchart illustrating a method 1200 for wireless communication
that supports nested system operation in accordance with various aspects of the present
disclosure. The operations of method 1200 may be implemented by a UE 115, base station
105 or its components as described with reference to FIGs. 1-9. For example, the operations
of method 1200 may be performed by the symbol adaptation module 510, symbol adaptation
module 810, or base station symbol adaptation module 910, as described with reference to
FIGs. 5-9. In some examples, a device (e.g., base station 105 or UE 115) may execute a set
of codes to control the functional elements to perform the functions described below.
Additionally or alternatively, the device may perform aspects the functions described below
using special-purpose hardware. The method 1200 may also incorporate aspects of methods

1000 and 1100 of FIGs. 10-11.

[0120] At block 1205, the device may configure a first resource segment having a first
duration that is less than a symbol period as described above with reference to FIGs. 2-4. In
certain examples, the operations of block 1205 may be performed by the symbol segment

module 605 as described above with reference to FIG. 6.

[0121] At block 1210, the device may configure a second resource segment having a
second duration that is less than the symbol period, where a total duration of the first and
second durations is less than or equal to the symbol period as described above with reference
to FIGs. 2-4. In certain examples, the operations of block 1210 may be performed by the

symbol segment module 605 as described above with reference to FIG. 6.

[0122] At block 1215, the device may configure a third resource segment having a third

duration that is less than the symbol period, where a total duration of the first, second, and
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third durations is greater than the symbol period as described above with reference to FIGs.
2-4. In certain examples, the operations of block 1215 may be performed by the symbol

segment module 605 as described above with reference to FIG. 6.

[0123] At block 1220, the device may communicate utilizing the configured first, second,
and third resource segments as described above with reference to FIGs. 2-4. In certain
examples, the operations of block 1220 may be performed by the communication

management module 610 as described above with reference to FIG. 6.

[0124] FIG. 13 shows a flowchart illustrating a method 1300 for wireless communication
that supports nested system operation in accordance with various aspects of the present
disclosure. The operations of method 1300 may be implemented by a UE 115, base station
105 or its components as described with reference to FIGs. 1-9. For example, the operations
of method 1300 may be performed by the symbol adaptation module 510, symbol adaptation
module 810, or base station symbol adaptation module 910, as described with reference to
FIGs. 5-9. In some examples, a device (e.g., base station 105 or UE 115) may execute a set
of codes to control the functional elements to perform the functions described below.
Additionally or alternatively, the device may perform aspects the functions described below
using special-purpose hardware. The method 1300 may also incorporate aspects of methods

1000, 1100, and 1200 of FIGs. 10-12.

[0125] At block 1305, the device may identify a first resource segment having a first
duration that is less than a symbol period as described above with reference to FIGs. 2-4. In
certain examples, the operations of block 1305 may be performed by the symbol segment

module 605 as described above with reference to FIG. 6.

[0126] At block 1310, the device may identify a second resource segment having a second
duration that is less than the symbol period, where a total duration of the first and second
durations is less than or equal to the symbol period as described above with reference to
FIGs. 2-4. In certain examples, the operations of block 1310 may be performed by the

symbol segment module 605 as described above with reference to FIG. 6.

[0127] At block 1315, the device may communicate with a node utilizing the first and

second resource segments as described above with reference to FIGs. 2-4. In certain
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examples, the operations of block 1315 may be performed by the communication

management module 610 as described above with reference to FIG. 6.

[0128] FIG. 14 shows a flowchart illustrating a method 1400 for wireless communication
that supports nested system operation in accordance with various aspects of the present
disclosure. The operations of method 1400 may be implemented by a UE 115, base station
105 or its components as described with reference to FIGs. 1-9. For example, the operations
of method 1400 may be performed by the symbol adaptation module 510, symbol adaptation
module 810, or base station symbol adaptation module 910, as described with reference to
FIGs. 5-9. In some examples, a device (e.g., base station 105 or UE 115) may execute a set
of codes to control the functional elements to perform the functions described below.
Additionally or alternatively, the device may perform aspects the functions described below
using special-purpose hardware. The method 1400 may also incorporate aspects of methods

1000, 1100, 1200, and 1300 of FIGs. 10-13.

[0129] At block 1405, the device may identify a first resource segment having a first
duration that is less than a symbol period as described above with reference to FIGs. 2-4. In
certain examples, the operations of block 1405 may be performed by the symbol segment

module 605 as described above with reference to FIG. 6.

[0130] At block 1410, the device may identify a second resource segment having a second
duration that is less than the symbol period, where a total duration of the first and second
durations is less than or equal to the symbol period as described above with reference to
FIGs. 2-4. In certain examples, the operations of block 1410 may be performed by the

symbol segment module 605 as described above with reference to FIG. 6.

[0131] At block 1415, the device may identify a symbol having the symbol period as
described above with reference to FIGs. 2-4. In certain examples, the operations of block
1415 may be performed by the symbol identification module 715 as described above with
reference to FIG. 7.

[0132] At block 1420, the device may communicate with a node utilizing the symbol, first
resource segment, second resource segment, or combination thereof as described above with
reference to FIGs. 2-4. In certain examples, the operations of block 1420 may be performed

by the communication management module 610 as described above with reference to FIG. 6.
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In some examples, the first and second resource segments include frequency resources of a
first component carrier, and the device may receive grants for the frequency resources of the
first component carrier on resources of a second component carrier. Additionally or
alternatively, the device may transmit feedback related to the first or second resource

segments on the frequency resources of the second component carrier.

[0133] FIG. 15 shows a flowchart illustrating a method 1500 for wireless communication
that supports nested system operation in accordance with various aspects of the present
disclosure. The operations of method 1500 may be implemented by a UE 115, base station
105, or its components as described with reference to FIGs. 1-9. For example, the operations
of method 1500 may be performed by the symbol adaptation module 510, symbol adaptation
module 810, or base station symbol adaptation module 910, as described with reference to
FIGs. 5-9. In some examples, a device (e.g., base station 105 or UE 115) may execute a set
of codes to control the functional elements to perform the functions described below.
Additionally or alternatively, the device may perform aspects the functions described below
using special-purpose hardware. The method 1500 may also incorporate aspects of methods

1000, 1100, 1200, 1300, and 1400 of FIGs. 10-14.

[0134] At block 1505, the device may identify a first resource segment having a first
duration that is less than a symbol period as described above with reference to FIGs. 2-4. In
certain examples, the operations of block 1505 may be performed by the symbol segment

module 605 as described above with reference to FIG. 6.

[0135] At block 1510, the device may identify a second resource segment having a second
duration that is less than the symbol period, where a total duration of the first and second
durations is less than or equal to the symbol period as described above with reference to
FIGs. 2-4. In certain examples, the operations of block 1510 may be performed by the

symbol segment module 605 as described above with reference to FIG. 6.

[0136] At block 1515, the device may identify a third resource segment having a third
duration that is less than the symbol period, where a total duration of the first, second, and
third durations is greater than the symbol period as described above with reference to FIGs.
2-4. In certain examples, the operations of block 1515 may be performed by the symbol

segment module 605 as described above with reference to FIG. 6.
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[0137] At block 1520, the device may communicate utilizing the first, second, and third
resource segments as described above with reference to FIGs. 2-4. In certain examples, the
operations of block 1520 may be performed by the communication management module 610

as described above with reference to FIG. 6.

[0138] Thus, methods 1000, 1100, 1200, 1300, 1400, and 1500 may provide for nested
system operation. It should be noted that methods 1000, 1100, 1200, 1300, 1400, and 1500
describe possible implementation, and that the operations and the steps may be rearranged or

otherwise modified such that other implementations are possible. In some examples, aspects

from two or more of the methods 1000, 1100, 1200, 1300, 1400, and 1500 may be combined.

[0139] The detailed description set forth above in connection with the appended drawings
describes example embodiments and does not represent all the embodiments that may be
implemented or that are within the scope of the claims. The term “exemplary” used
throughout this description means “serving as an example, instance, or illustration,” and not
“preferred” or “advantageous over other embodiments.” The detailed description includes
specific details for the purpose of providing an understanding of the described techniques.
These techniques, however, may be practiced without these specific details. In some
instances, well-known structures and devices are shown in block diagram form in order to

avoid obscuring the concepts of the described embodiments.

[0140] Information and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the above description
may be represented by voltages, currents, electromagnetic waves, magnetic fields or particles,

optical fields or particles, or any combination thereof.

[0141] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
DSP, an ASIC, an FPGA or other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller, or

state machine. A processor may also be implemented as a combination of computing devices
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(e.g., a combination of a DSP and a microprocessor, multiple microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration).

[0142] The functions described herein may be implemented in hardware, software
executed by a processor, firmware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium. Other examples and implementations
are within the scope and spirit of the disclosure and appended claims. For example, due to
the nature of software, functions described above can be implemented using software
executed by a processor, hardware, firmware, hardwiring, or combinations of any of these.
Features implementing functions may also be physically located at various positions,
including being distributed such that portions of functions are implemented at different
physical locations. As used herein, including in the claims, the term “and/or,” when used in a
list of two or more items, means that any one of the listed items can be employed by itself or
any combination of two or more of the listed items can be employed. For example, if a
composition is described as containing components A, B, and/or C, the composition can
contain A alone; B alone; C alone; A and B in combination; A and C in combination; B and
C in combination; or A, B, and C in combination. Also, as used herein, including in the
claims, “or” as used in a list of items (for example, a list of items prefaced by a phrase such
as “at least one of” or “one or more of”’) indicates a disjunctive list such that, for example, a
list of “at least one of A, B, or C” means A or B or C or AB or AC or BC or ABC (i.c., A and
B and C).

[0143] Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of a computer program
from one place to another. A storage medium may be any available medium that can be
accessed by a general purpose or special purpose computer. By way of example, and not
limitation, computer-readable media can comprise RAM, ROM, EEPROM, flash memory,
CD-ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or store desired program code means
in the form of instructions or data structures and that can be accessed by a general-purpose or
special-purpose computer, or a general-purpose or special-purpose processor. Also, any

connection is properly termed a computer-readable medium. For example, if the software is
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transmitted from a website, server, or other remote source using a coaxial cable, fiber optic
cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as infrared,
radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of medium.
Disk and disc, as used herein, include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers. Combinations of the above

are also included within the scope of computer-readable media.

[0144] The previous description of the disclosure is provided to enable a person skilled in
the art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined herein may be applied
to other variations without departing from the scope of the disclosure. Thus, the disclosure is
not to be limited to the examples and designs described herein but is to be accorded the

broadest scope consistent with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is:
1. A method for wireless communication, comprising;:

identifying a first resource segment having a first duration that is less than a
symbol period;

identifying a second resource segment having a second duration that is less
than the symbol period, wherein a total duration of the first and second durations is less than
or equal to the symbol period; and

communicating with a node utilizing the first and second resource segments.

2. The method of claim 1, further comprising:
identifying a symbol having the symbol period, wherein communicating

comprises communicating utilizing the symbol and the first and second resource segments.

3. The method of claim 2, wherein communicating with the node
comprises:
communicating utilizing the symbol and the first and second resource

segments in a common subframe.

4. The method of claim 1, wherein the first resource segment comprises a

first cyclic prefix (CP), and wherein the second resource segment comprises a second CP.

5. The method of claim 1, wherein communicating with the node
comprises:

receiving a control or data signal in the first resource segment, the second
resource segment, and a symbol having the symbol period, wherein the control or data signal

spans the first and second durations and the symbol period.

6. The method of claim 1, further comprising:

identifying a third resource segment having a third duration that is less than
the symbol period, wherein a total duration of the first, second, and third durations is greater
than the symbol period; and

communicating utilizing the first, second, and third resource segments.
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7. The method of claim 6, wherein communicating with the node
comprises:

receiving a control or data signal in the first resource segment, the second
resource segment, and the third resource segment, wherein the control or data signal spans the

first, second, and third durations.

8. The method of claim 1, wherein the first resource segment, the second
resource segment, or combination thereof comprises a demodulation reference signal

(DMRS).

9. The method of claim 8, wherein a symbol comprises a portion of the
DMRS, the symbol having the symbol period, and wherein the DMRS spans the first and

second durations and the symbol period.

10.  The method of claim 1, wherein the first resource segment, the second

resource segment, or combination thereof comprises a common reference signal (CRS).

11.  The method of claim 10, wherein a symbol comprises a portion of the
CRS, the symbol having the symbol period, and wherein the CRS spans the first and second

durations and the symbol period.

12. The method of claim 1, wherein the first resource segment, the second
resource segment, or combination therecof comprises a channel state information (CSI)

reference signal.

13.  The method of claim 12, wherein a symbol comprises a portion of the
CSlI reference signal, the symbol having the symbol period, and wherein the CSI reference

signal spans the first and second durations and the symbol period.

14.  An apparatus for wireless communication, comprising:
means for identifying a first resource segment having a first duration that is
less than a symbol period;
means for identifying a second resource segment having a second duration that
is less than the symbol period, wherein a total duration of the first and second durations is

less than or equal to the symbol period; and
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means for communicating with a node utilizing the first and second resource

segments.

15.  The apparatus of claim 14, further comprising:
means for identifying a symbol having the symbol period, wherein
communicating comprises communicating utilizing the symbol and the first and second

resource segrnents .

16. The apparatus of claim 15, wherein the means for communicating with
the node comprises:
means for communicating utilizing the symbol and the first and second

resource segments in a common subframe.

17.  The apparatus of claim 14, wherein the first resource segment
comprises a first cyclic prefix (CP), and wherein the second resource segment comprises a

second CP.

18.  The apparatus of claim 14, wherein the means for communicating with
the node comprises:

means for receiving a control or data signal in the first resource segment, the
second resource segment, and a symbol having the symbol period, wherein the control or data

signal spans the first and second durations and the symbol period.

19.  The apparatus of claim 14, further comprising:

means for identifying a third resource segment having a third duration that is
less than the symbol period, wherein a total duration of the first, second, and third durations
is greater than the symbol period; and

means for communicating utilizing the third resource segment.

20. The apparatus of claim 19, wherein the means for communicating with
the node comprises:

means for receiving a control or data signal in the first resource segment, the
second resource segment, and the third resource segment, wherein the control or data signal

spans the first, second, and third durations.
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21.  The apparatus of claim 14, wherein the first resource segment, the
second resource segment, or combination thereof comprises a demodulation reference signal

(DMRS).

22.  The apparatus of claim 21, wherein a symbol comprises a portion of
the DMRS, the symbol having the symbol period, and wherein the DMRS spans the first and

second durations and the symbol period.

23.  The apparatus of claim 14, wherein the first resource segment, the

second resource segment, or combination thereof comprises a common reference signal

(CRS).

24.  The apparatus of claim 23, wherein a symbol comprises a portion of
the CRS, the symbol having the symbol period, and wherein the CRS spans the first and

second durations and the symbol period.

25.  The apparatus of claim 14, wherein the first resource segment, the
second resource segment, or combination thereof comprises a channel state information (CSI)

reference signal.

26.  The apparatus of claim 25, wherein a symbol comprises a portion of
the CSI reference signal, the symbol having the symbol period, and wherein the CSI

reference signal spans the first and second durations and the symbol period.

27.  An apparatus for wireless communication, comprising:
a processor;
memory in electronic communication with the processor; and
instructions stored in the memory; wherein the instructions are executable by
the processor to cause the apparatus to:
identify a first resource segment having a first duration that is less than
a symbol period;
identify a second resource segment having a second duration that is
less than the symbol period, wherein a total duration of the first and second durations is less

than or equal to the symbol period; and
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communicate with a node utilizing the first and second resource

segments.

28.  The apparatus of claim 27, wherein the instructions are executable by
the processor to cause the apparatus to:
identify a symbol having the symbol period; and

communicate utilizing the symbol and the first and second resource segments.

29.  The apparatus of claim 28, wherein to communicate with the node, the
instructions are executable by the processor to cause the apparatus to:
communicate utilizing the symbol and the first and second resource segments

in a common subframe.

30. A non-transitory computer-readable medium storing code for wireless
communication, the code comprising instructions executable to:

identify a first resource segment having a first duration that is less than a
symbol period;

identify a second resource segment having a second duration that is less than
the symbol period, wherein a total duration of the first and second durations is less than or
equal to the symbol period; and

communicate with a node utilizing the first and second resource segments.
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