I*I Innovation, Sciences et Innovation, Science and CA 2930862 C 2022/05/31

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 930 862
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépét PCT/PCT Filing Date: 2014/11/05 (51) CLInt./Int.Cl. HO4L 5/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2015/07/02 HO4L 27/26 (2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2022/05/31 YOO, TAESANG, US:
(85) Entrée phase nationale/National Entry: 2016/05/16 MALLIK, SIDDHARTHA, US;
®6) N° demande PCT/PCT Application No.: US 2014/064149 CHENDAMARAI KANNAN, ARUMUGAM, US;
o - L ) DAMNJANOVIC, JELENA, US;
(87) N° publication PCT/PCT Publication No.: 2015/099889 VAJAPEYAM, MADHAVAN SRINIVASAN, US;
(30) Priorités/Priorities: 2013/12/23 (US61/920,107); WANG, JUN, US;
2014/11/04 (US14/532,714) WEI, YONGBIN, US;
MALLADI, DURGA PRASAD, US
(73) Propriétaire/Owner:
QUALCOMM INCORPORATED, US
(74) Agent: SMART & BIGGAR LLP

(54) Titre : CONCEPT OFDM A NUMEROLOGIE MIXTE
(54) Title: MIXED NUMEROLOGY OFDM DESIGN

300-¢
o

A 380-¢

(57) Abrégé/Abstract:

Methods, systems, and devices are described for hierarchical communications and low latency support within a wireless
communications system. An eNB and/or a UE may be configured to operate within the wireless communications system which is at
least partially defined through a first layer with first layer transmissions having a first subframe type and a second layer with second
layer transmissions having a second subframe type. The first subframe type may have a first round trip time (RTT) between
transmission and acknowledgment of receipt of the transmission, and the second layer may have a second RTT that is less than
the first RTT. Subframes of the first subframe type may be multiplexed with subframes of the second subframe type, such as
through time division multiplexing. In some examples symbols of different duration may be multiplexed such that they different
symbol durations coexist.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2015/099889 A 1[I I N0V R0 O

CA 02930862 2016-05-16

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

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

=

\

(10) International Publication Number

(43) International Publication Date WO 2015 /099889 Al
2 July 2015 (02.07.2015) WIPOI|PCT
nternational Patent Classification: 1€20, alitornia - . .
G I ional P: Classificati Di Californi 92121-1714 S MALLADIL
HO4L 5/00 (2006.01) HO4L 27/26 (2006.01) Durga,Prasad; 5775 Morehouse Drive, San Diego, Cali-
) . fornia 92121-1714 (US).
(21) International Application Number:
PCT/US2014/064149 (74) Agent: KRAFT, Aaron, J.; Holland & Hart LLP, P.O.
(22) International Filing Date: Box. 11583, Salt Lake City, Utah 84110 (US).
5 November 2014 (05.11.2014) (81) Designated States (unless otherwise indicated, for every
- . . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
L. DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
61/920,107 23 December 2013 (23122013) us KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
14/532,714 4 November 2014 (041 12014) us MK, MN, MW, MX, MY, MZ, NA, NG, NL NO, NZ, OM,
(71) Applicant: QUALCOMM INCORPORATED [US/US]; PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
ATTN: International IP Administration, 5775 Morehouse SD, SE, SG, SK, SL, SM, ST, 8V, §Y, TH, TJ, TM, TN,
Drive, San Diego, California 92121-1714 (US). TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors: YOO, Taesang; 5775 Morchouse Drive, San (84) Designated States (uniess otherwise indicated, for every
Diego, California 92121-1714 (US). MALLIK, kind of regional protection available): ARIPO (BW, GH,
Siddhartha; 5775 Morehouse Drive, San Diego, California GM, KE, LR, LS, MW, MZ’ NA, RW, SD, SL, ST, SZ,
92121-1714 (US). CHENDAMARAI KANNAN, Aru- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
mugam; 5775 Morehouse Drive, San Diego, California TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
92121-1714 (US). DAMNJANOVIC, Jelena; 5775 More- DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
house Drive, San Diego, California 92121-1714 (US). VA~ LR’/[» I\T’[Ig MIZ»P 11\4213% NO}; PL, PT’IROMRS» :E’ IS\II SK,
JAPEYAM, Madhavan, Srinivasan; 5775 Morehouse ?}W, Kl\/)[, ?/[L M(R I,\IEJ,SE ’TCDG:FS » CM, GA, GN, GQ,
Drive, San Diego, California 92121-1714 (US). WANG, > > > -NE, SN, TD, TG).
Jun; 5775 Morehouse Drive, San Diego, California 92121- Published:

1714 (US). WEIL, Yongbin; 5775 Morehouse Drive, San

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

(34

Title: MIXED NUMEROLOGY OFDM DESIGN

300-¢
o

FIG. 3E

(57) Abstract: Methods, systems, and devices are described for hierarchical communications and low latency suppott within a wire-
less communications system. An eNB and/or a UE may be contigured to operate within the wireless communications system which
is at least partially defined through a first layer with first layer transmissions having a first subframe type and a second layer with
second layer transmissions having a second subframe type. The first subframe type may have a first round trip time (RTT) between
transmission and acknowledgment of receipt of the transmission, and the second layer may have a second RTT that is less than the
first RTT. Subframes of the first subframe type may be multiplexed with subframes of the second subframe type, such as through
time division multiplexing. In some examples symbols of different duration may be multiplexed such that they different symbol dur -
ations coexist.



CA 02930862 2016-05-16

WO 2015/099889 PCT/US2014/064149

MIXED NUMEROLOGY OFDM DESIGN

CROSS REFERENCES
[0001] The present Application for Patent claims priority to U.S. Patent Application
No. 14/532,714 by Malladi et al., entitled “Mixed Numerology OFDM Design,” filed
November 4, 2014; and U.S. Provisional Patent Application No. 61/920,107 by Malladi
et al., entitled “LTE Hierarchical Burst Mode,” filed December 23, 2013, cach of which

is assigned to the assignee hereof.

BACKGROUND
[0002] The following relates generally to wireless communication, and more
specifically to techniques for hierarchical communications in wireless communications

systems.

[0003] A wircless communication network may include a number of base stations that
can support communication for a number of mobile devices. A mobile device may
communicate with a basc station via downlink (DL) and uplink (UL) transmissions.
The downlink (or forward link) refers to the communication link from the base station,
such as an cnhanced NodeB (¢cNB), to a mobile device, also referred to as a uscr
cquipment (UE). The uplink (or reverse link) refers to the communication link from the

mobile device to the base station.

[0004] Multiple access technologies may use Frequency Division Duplexing (FDD)
or Time Division Duplexing (TDD) to provide uplink and downlink communications
over one or more carriers. TDD operation may provide relatively flexible deployments
without requiring paired spectrum resources. TDD formats include transmission of
frames of data, each including a number of different subframes in which different
subframes may be uplink or downlink subframes. In systems that operate using TDD,
different formats may be used in which uplink and downlink communications may be
asymmetric. FDD operation utilizes different carriers for concurrent uplink and

downlink communications.

[0005] In some wireless communication networks, base stations and UEs may support

operation on multiple carriers, which may be referred to as carrier aggregation. Carrier
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aggregation may be used to increase throughput between a base station supporting
multiple component carriers and a mobile device, and mobile devices may be
configured to communicate using multiple component carriers associated with multiple

base stations.

[0006] In some instances, transmission errors between mobile devices and base
stations are avoided and/or corrected by utilizing an automatic repeat request (ARQ)
scheme. An ARQ scheme may be employed to detect whether a received packet is in
error. For example, in an ARQ scheme, a receiver may notify a transmitter with a
positive acknowledgment (ACK), when a packet is received free from errors; and the
receiver may notify the transmitter with a negative acknowledgment (NACK), if an
error is detected. A hybrid ARQ (HARQ) scheme may be used to correct some errors
and to detect and discard certain uncorrectable packets. In some scenarios, however, the
overall HARQ delay may cause certain inefficiencies in wireless communications.
Also, in some instances, mobile devices within a system may have varying latency

requirements, and inefficient operation may be exacerbated for such devices.

SUMMARY
[0007] The described features generally relate to one or more improved systems,
methods, and/or devices for hierarchical communications and low latency support
within a wircless communications system. An ¢NB and/or a UE may be configured to
operate within the multi-layered wireless communications system. The system may
include first layer transmissions having a first subframe type and second layer
transmissions having a second subframe type. The first subframe type may have a first
round trip time (RTT) between transmission and acknowledgment of receipt of the
transmission, and the second layer may have a second RTT that is less than the first
RTT. In some examples, subframes of the first subframe type may be multiplexed with

subframes of the second subframe type, for example through time division multiplexing.

[0008] In some examples, an eNB and/or UE may transmit, in a frame, one or more
subframes having a first subframe type. Subframes of the first subframe type may be
transmitted concurrently, on different carriers. The eNB and/or UE may also transmit,

in the frame, a subframe of a second subframe type using one carrier. The carrier
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transmitting the second subframe type may have a bandwidth that is greater than the

bandwidth of the first subframe type.

[0009] In still other examples, multiple symbol durations may coexist within a system
to account for varying latency requirements. Different regions of a carrier may have
different symbol durations, and the regions may be dynamically adjusted to account for

changing latency demands of traffic within the system.

[0010] A method of wireless communication is described. The method may include
configuring a carrier with a first region having a first symbol duration and a second
region having a second symbol duration different from the first symbol duration, where
the first and second regions are time-division multiplexed (TDM) or frequency-division
multiplexed (FDM), and communicating with a user equipment (UE) using the first or

second region based at least in part on a latency requirement of the UE.

[0011] An apparatus for wireless communication 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 configure a carrier with a first region having a first symbol duration and a second
region having a second symbol duration different from the first symbol duration, where
the first and second regions are time-division multiplexed (TDM) or frequency-division
multiplexed (FDM), and communicatc with a user equipment (UE) using the first or

second region based at least in part on a latency requirement of the UE.

[0012] A further apparatus for wircless communication is also described.  The
apparatus may include means for configuring a carrier with a first region having a first
symbol duration and a second region having a second symbol duration different from
the first symbol duration, where the first and second regions are time-division
multiplexed (TDM) or frequency-division multiplexed (FDM), and means for
communicating with a user equipment (UE) using the first or second region based at

least in part on a latency requirement of the UE.

[0013] A computer readable medium storing code for wireless communication is also
described. The code may include instructions executable to configure a carrier with a

first region having a first symbol duration and a second region having a second symbol
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duration different from the first symbol duration, where the first and second regions are
time-division multiplexed (TDM) or frequency-division multiplexed (FDM), and
communicate with a user equipment (UE) using the first or second region based at least

in part on a latency requirement of the UE.

[0014] Some examples of the method, apparatuses, or computer-readable media
described above may also include features, means, or instructions for adjusting a portion
of the carrier occupied by the second region based at least in part the latency
requirement of the UE. In some examples, the first and second regions are TDM, and
adjusting the portion of the carrier occupied by the second region includes adjusting a
time duration or periodicity of the second region. In other examples, the first and
second regions are FDM, and adjusting the portion of the carrier occupied by the second
region includes adjusting a bandwidth of the second region. Further, some examples
may include features, means, or instructions for configuring a guard band between the
first and second regions. Additionally or alternatively, configuring the carrier may
include transmitting a signal in a symbol of the first region, the signal indicative of the
sccond symbol duration and it may include at least onc of radio resource control (RRC)
signaling, a broadcast message, Laycr 1 signaling, or a media access control (MAC)

layer signaling.

[0015] Somc cxamples of thc mcthod, apparatuscs, or computcr-rcadable media
described above may also include features, means, or instructions for configuring a third
region of the carrier, the third region having the second symbol duration, wherein the
first and second regions are FDM, and wherein the third region is TDM with the first
and second regions. Some examples may also include features, means, or instructions
for configuring a guard band between the first and second regions. In some examples,

the second symbol duration is shorter than the first symbol duration.

[0016] A further method of wireless communication is also described. The method
may include identifying a first region of a carrier, the first region having a first symbol
duration, identifying a second region of the carrier, the second region having a second
symbol duration different from the first symbol duration, where the first and second

regions are time-division multiplexed (TDM) or frequency-division multiplexed (FDM),
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and communicating with a base station using the first or second region based at least in

part on a latency requirement.

[0017] A further apparatus for wireless communication 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 identify a first region of a carrier, the first region having a first
symbol duration, identify a second region of the carrier, the second region having a
second symbol duration different from the first symbol duration, where the first and
second regions are time-division multiplexed (TDM) or frequency-division multiplexed
(FDM), and communicate with a base station using the first or second region based at

least in part on a latency requirement.

[0018] A further apparatus for wireless communication is also described. The
apparatus may include means for identifying a first region of a carrier, the first region
having a first symbol duration, means for identifying a second region of the carrier, the
second region having a second symbol duration different from the first symbol duration,
where the first and second regions are time-division multiplexed (TDM) or frequency-
division multiplexed (FDM), and means for communicating with a base station using

the first or sccond region based at Icast in part on a latency requirement.

[0019] A further computer-readable medium storing code for wircless communication
is also described. The code may include instructions executable to identify a first region
of a carrier, the first region having a first symbol duration, identify a second region of
the carrier, the second region having a second symbol duration different from the first
symbol duration, where the first and second regions are time-division multiplexed
(TDM) or frequency-division multiplexed (FDM), and communicate with a base station

using the first or second region based at least in part on a latency requirement.

[0020] In some examples of the methods, apparatus, or computer-readable media
described above, the first and second regions are FDM, and the method, apparatus, or
computer-readable medium may include features, means, or instructions for identifying
a guard band between the first and second regions. In some examples, identifying the
second region of the carrier includes receiving a signal in a symbol of the first region,

the signal indicative of the second symbol duration and may include at least one of radio
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resource control (RRC) signaling, a broadcast message, Layer 1 signaling, or a media access

control (MAC) layer signaling.

[0021] Some examples may also include features, means, or instructions for identifying a
third region of the carrier, the third region having the second symbol duration, where the first
and second regions are FDM and where the third region is TDM with the first and second
regions. Additionally or alternatively, some examples include features, means, or instructions
for identifying a guard band between the first and second regions. In some examples, the

second symbol duration is shorter than the first symbol duration.

[0021a] According to one aspect of the present invention, there is provided a method of
wireless communication, comprising: configuring a single frame structure of a single carrier
with a first region having a first symbol duration and a second region having a second symbol
duration different from the first symbol duration, wherein the first and second regions of the
single frame structure of the single carrier are time-division multiplexed (TDM) or frequency-
division multiplexed (FDM), wherein the first region includes a control channel and a shared
channel, and the second region includes a control channel and a shared channel, and wherein
the second region includes both downlink symbols and uplink symbols, and wherein the
second symbol duration is configurable; and communicating with a user equipment (UE)

using the first or second region of the single frame structure of the single carrier.

[0021Db] According to another aspect of the present invention, there is provided a
method of wireless communication, comprising: identifying a first region of a single frame
structure of a single carrier, the first region having a first symbol duration; identifying a
second region of the single frame structure of the single carrier, the second region having a
second symbol duration different from the first symbol duration, wherein the first and second
regions of the single frame structure of the single carrier are time-division multiplexed (TDM)
or frequency-division multiplexed (FDM), wherein the first region includes a control channel
and a shared channel, and the second region includes a control channel and a shared channel,

and wherein the second region includes both downlink symbols and uplink symbols, and

Date Regue/Date Received 2021-03-15
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wherein the second symbol duration is configurable; and communicating with a base station

using the first or second region of the single frame structure of the single carrier.

[0021c] According to still another aspect of the present invention, there is provided an
apparatus for wireless communication, comprising: a processor, memory in electronic
communication with the processor; and instructions stored in the memory, the instructions
executable by the processor to cause the apparatus to: configure a single frame structure of a
single carrier with a first region having a first symbol duration and a second region having a
second symbol duration different from the first symbol duration, wherein the first and second
regions of the single frame structure of the single carrier are time-division multiplexed (TDM)
or frequency-division multiplexed (FDM), wherein the first region includes a control channel
and a shared channel, and the second region includes a control channel and a shared channel,
and wherein the second region includes both downlink symbols and uplink symbols, and
wherein the second symbol duration is configurable; and communicate with a user equipment

(UE) using the first or second region of the single frame structure of the single carrier.

[0021d] According to yet another aspect of the present invention, there is provided an
apparatus for wireless communication, comprising: a processor, memory in electronic
communication with the processor; and instructions stored in the memory, the instructions
executable by the processor to cause the apparatus to: identify a first region of a single frame
structure of a single carrier, the first region having a first symbol duration; identify a second
region of the single frame structure of the single carrier, the second region having a second
symbol duration different from the first symbol duration, wherein the first and second regions
of the single frame structure of the single carrier are time-division multiplexed (TDM) or
frequency-division multiplexed (FDM), wherein the first region includes a control channel
and a shared channel, and the second region includes a control channel and a shared channel,
and wherein the second region includes both downlink symbols and uplink symbols, and
wherein the second symbol duration is configurable; and communicate with a base station

using the first or second region of the single frame structure of the single carrier.

Date Regue/Date Received 2021-03-15
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[0021e] According to a further aspect of the present invention, there is provided a
method of wireless communication by a base station, comprising: configuring a carrier with a
first region having a first symbol duration and a second region having a second symbol
duration different from the first symbol duration, wherein the first and second regions are time
division multiplexed (TDM) or frequency-division multiplexed (FDM), wherein the first
region includes a control channel and a shared channel, and the second region includes a
control channel and a shared channel, wherein the second region includes both downlink
symbols and uplink symbols, and wherein the second symbol duration is configurable; and
communicating with a user equipment (UE) by the base station using the first region or the

second region of the carrier.

[0021f] According to yet a further aspect of the present invention, there is provided a
method of wireless communication by a user equipment (UE), comprising: identifying a first
region of a carrier, the first region having a first symbol duration, wherein the first region
includes a control channel and a shared channel; identifying a second region of the carrier, the
second region having a second symbol duration different from the first symbol duration,
wherein the first and second regions are time division multiplexed (TDM) or frequency-
division multiplexed (FDM), wherein the second region includes a control channel and a
shared channel, wherein the second region includes both downlink symbols and uplink
symbols, and wherein the second symbol duration is configurable; and communicating with a

base station by the UE using the first region or the second region of the carrier.

[0021g] According to still a further aspect of the present invention, there is provided an
apparatus for wireless communication, comprising: a processor; and a memory coupled with
the processor, wherein the memory includes instructions executable by the processor to cause
a base station to: configure a carrier with a first region having a first symbol duration and a
second region having a second symbol duration different from the first symbol duration,
wherein the first and second regions are time division multiplexed (TDM) or frequency-
division multiplexed (FDM), wherein the first region includes a control channel and a shared
channel, and the second region includes a control channel and a shared channel, wherein the

second region includes both downlink symbols and uplink symbols, and wherein the second

Date Regue/Date Received 2021-03-15
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symbol duration is configurable; and communicate with a user equipment (UE) by the base

station using the first region or the second region of the carrier.

[0021h] According to another aspect of the present invention, there is provided an
apparatus for wireless communication, comprising: a processor; and a memory coupled with
the processor, wherein the memory includes instructions executable by the processor to cause
a user equipment (UE) to: identify a first region of a carrier, the first region having a first
symbol duration, wherein the first region includes a control channel and a shared channel,
identify a second region of the carrier, the second region having a second symbol duration
different from the first symbol duration, wherein the first and second regions are time division
multiplexed (TDM) or frequency-division multiplexed (FDM), wherein the second region
includes a control channel and a shared channel, wherein the second region includes both
downlink symbols and uplink symbols, and wherein the second symbol duration is
configurable; and communicate with a base station by the UE using the first region or the

second region of the carrier.

[0021i] According to still another aspect of the present invention, there is provided a
method of wireless communication to account for varying latency requirements, comprising:
configuring a carrier with a first region having a first symbol duration and a second region
having a second symbol duration different from the first symbol duration, wherein the first
and second regions are time-division multiplexed (TDM) or frequency-division multiplexed
(FDM); and communicating with a user equipment (UE) using the first or second region based
at least in part on a latency requirement of the UE, wherein the region of shorter symbol
duration of the first or second regions is used for low latency traffic of the UE, and wherein a
symbol comprises an orthogonal frequency-division multiplexing (OFDM) or a single carrier

frequency division multiplex (SC-FDM) symbol.

[0021j] According to yet another aspect of the present invention, there is provided a
method of wireless communication to account for varying latency requirements, comprising:
identifying a first region of a carrier, the first region having a first symbol duration;

identifying a second region of the carrier, the second region having a second symbol duration

Date Regue/Date Received 2021-03-15
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different from the first symbol duration, wherein the first and second regions are time-division
multiplexed (TDM) or frequency-division multiplexed (FDM); and communicating with a
base station using the first or second region based at least in part on a latency requirement,
wherein the region of shorter symbol duration of the first or second regions is used for low
latency traffic and wherein a symbol comprises an orthogonal frequency-division

multiplexing (OFDM) or a single carrier frequency division multiplex (SC-FDM) symbol.

[0021Kk] According to a further aspect of the present invention, there is provided an
apparatus for wireless communication to account for varying latency requirements,
comprising: means for configuring a carrier with a first region having a first symbol duration
and a second region having a second symbol duration different from the first symbol duration,
wherein the first and second regions are time-division multiplexed (TDM) or frequency-
division multiplexed (FDM);, and means for communicating with a user equipment (UE) using
the first or second region based at least in part on a latency requirement of the UE, using the
region of shorter symbol duration of the first or second regions for low latency traffic of the
UE, and wherein a symbol comprises an orthogonal frequency-division multiplexing (OFDM)

or a single carrier frequency division multiplex (SC-FDM) symbol.

[00211] According to still a further aspect of the present invention, there is provided an
apparatus for wireless communication to account for varying latency requirements,
comprising: means for identifying a first region of a carrier, the first region having a first
symbol duration; means for identifying a second region of the carrier, the second region
having a second symbol duration different from the first symbol duration, wherein the first
and second regions are time-division multiplexed (TDM) or frequency-division multiplexed
(FDM); and means for communicating with a base station using the first or second region
based at least in part on a latency requirement, using the region of shorter symbol duration of
the first or second regions for low latency traffic, and wherein a symbol comprises an
orthogonal frequency-division multiplexing (OFDM) or a single carrier frequency division

multiplex (SC-FDM) symbol.

Date Regue/Date Received 2021-03-15
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[0022] Further scope of the applicability of the described methods and apparatuses will
become apparent from the following detailed description, claims, and drawings. The detailed
description and specific examples are given by way of illustration only, since various changes
and modifications within the spirit and scope of the description will become apparent to those

skilled in the art.
BRIEF DESCRIPTION OF THE DRAWINGS

[0023] 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 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.

[0024] FIG. 1 shows a block diagram conceptually illustrating an example of a

telecommunications system, in accordance with an aspect of the present disclosure;

[0025] FIG. 2 is a diagram illustrating an example of a downlink frame structure that may
be used in a wireless communication system, in accordance with an aspect of the present

disclosure;

Date Regue/Date Received 2021-03-15
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[0026] FIG. 3A is a block diagram conceptually illustrating an example of a radio
frame and different subframes that may be transmitted on different layers of a wireless

communication system, in accordance with an aspect of the present disclosure;

[0027] FIG. 3B is a block diagram conceptually illustrating an example of a radio
frame and different subframes that may be transmitted on different layers of a wireless

communication system, in accordance with an aspect of the present disclosure;

[0028] FIG. 3C is a block diagram conceptually illustrating an example of a carrier of
a wireless communication system with symbols having different symbol durations time-

division multiplexed, in accordance with an aspect of the present disclosure;

[0029] FIG. 3D is a block diagram conceptually illustrating an example of a carrier of
a wireless communication system with symbols having different symbol durations

frequency-division multiplexed, in accordance with an aspect of the present disclosure;

[0030] FIG. 3E is a block diagram conceptually illustrating an example of a carrier of
a wireless communication system with symbols having different symbol durations time-
division multiplexed and frequency-division multiplexed, in accordance with an aspect

of the present disclosure;

[0031] FIG. 4 is a block diagram conceptually illustrating an example of a radio frame
and transmission acknowledgment timing for different subframes that may be
transmitted on different layers of a wireless communication system, in accordance with

an aspect of the present disclosure;

[0032] FIG. 5 is a block diagram conceptually illustrating another example of a radio
frame and different subframes that may be transmitted on different layers of a wireless

communication system, in accordance with an aspect of the present disclosure;

[0033] FIG. 6 is a block diagram conceptually illustrating another example of a radio
frame and different subframes that may be transmitted on different layers of a wircless

communication system, in accordance with an aspect of the present disclosure;

[0034] FIG. 7 is a block diagram conceptually illustrating a portion of a wireless
communications system that may utilize carrier aggregation, in accordance with aspects

of the present disclosure;
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[0035] FIG. 8A is a block diagram conceptually illustrating an example of radio
frames for different component carriers and scalable bandwidth subframes that may
transmitted on different layers of a wireless communication system, in accordance with

an aspect of the present disclosure;

[0036] FIG. 8B is a block diagram conceptually illustrating an example of radio
frames for different component carriers and scalable bandwidth subframes that may
transmitted on different layers of a wireless communication system, in accordance with

an aspect of the present disclosure;

[0037] FIG. 9 is a block diagram conceptually illustrating another example of radio
frames for different component carriers and scalable bandwidth subframes that may
transmitted on different layers of a wireless communication system, in accordance with

an aspect of the present disclosure;

[0038] FIG. 10 is a block diagram conceptually illustrating another example of radio
frames for different component carriers and scalable bandwidth subframes that may
transmitted on different layers of a wireless communication system, in accordance with

an aspect of the present disclosure;

[0039] FIGS. 11A and11B are block diagrams conceptually illustrating devices, such
as ¢eNBs or UEs, for use in wireless communications in accordance with aspects of the

present disclosure;

[0040] FIG. 12 is a block diagram conceptually illustrating a design of an eNB, in

accordance with aspects of the present disclosure;

[0041] FIG. 13 is a block diagram conceptually illustrating a design of a UE, in

accordance with aspects of the present disclosure;

[0042] FIG. 14 is a block diagram conceptually illustrating a transceiver module of an
¢NB or UE, for usc in wircless communications in accordance with aspects of the

present disclosure;

[0043] FIG. 15 is a block diagram conceptually illustrating an example of a UE and

an eNB, in accordance with aspects of the present disclosure;
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[0044] FIG. 16 is a flowchart conceptually illustrating an example of a method of

wireless communication, in accordance with aspects of the present disclosure;

[0045] FIG. 17 is a flowchart conceptually illustrating an example of a method of

wireless communication, in accordance with aspects of the present disclosure;

[0046] FIG. 18 is a flowchart conceptually illustrating an example of a method of

wireless communication, in accordance with aspects of the present disclosure;

[0047] FIG. 19 is a flowchart conceptually illustrating an example of a method of

wireless communication, in accordance with aspects of the present disclosure;

[0048] FIG. 20 is a flowchart conceptually illustrating an example of a method of

wireless communication, in accordance with aspects of the present disclosure; and

[0049] FIG. 21 is a flowchart conceptually illustrating an example of a method of

wireless communication, in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION
[0050] Techniques are described for hierarchical communications within a wireless
communications system. Also described are techniques for communicating with
orthogonal frequency-division multiplexing (OFDM) symbols of different duration.
This may be referred to as mixed OFDM numerology. An eNB and/or a UE, according
to various examples, may be configured to operate within the wireless communications
system which is partially defined through multiple hierarchical layers or which is
configured with mixed OFDM numerology. A first hierarchical layer may support first
layer transmissions with a first subframe type, and a second hierarchical layer may
support second layer transmissions with a second subframe type. In some examples, as
mentioned above, receivers may acknowledge receipt of a transmission by providing a
positive acknowledgment (ACK) or negative acknowledgment (NACK) of the
transmission through, for cxample, a HARQ scheme. Rcccivers operating in the first
layer may, in examples, acknowledge receipt of a transmission in a subframe following
the subframe in which the transmission was received. Receivers operating in the second
layer may, in examples, acknowledge receipt of a transmission in a same subframe as
the subframe in which the transmission was received. The time required to transmit an

ACK/NACK and receive a retransmission may be referred to as round trip time (RTT),
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and subframes of the second subframe type may have a second RTT that is shorter than

a RTT for subframes of the first subframe type.

[0051] In such examples, a latency for receivers operating in the second layer may be
reduced relative to latency of the first layer. Reduced latency may provide for enhanced
data transfer rates, in some examples, through relatively fast ACK/NACK and any
necessary retransmissions. For example, Transmission Control Protocol (TCP) may be
used to provide a reliable, ordered, and error-checked delivery of a stream of data
between a transmitter and a receiver. TCP can have relatively stringent requirements
for TCP segment error rates, and this impact is even more significant as data rates are
increased. In order to achieve desired TCP segment error rates, packets may need to be
retransmitted one or more times. The latency for ACK/NACK and retransmission may
thus impact the time that it may take to achieve the TCP segment error rate, and may
thus reduce the overall data rate that is achievable. Thus, reduced latency for such
acknowledgments and retransmissions may reduce the time to achieve TCP segment
error rates and may thereby allow enhanced data rates. Accordingly, receivers operating
in the second hierarchical layer, cither exclusively or in combination with operation in
the first hicrarchical layer, may support enhanced data rates relative to reccivers

operating exclusively in the first hicrarchical layer.

[0052] In some further cxamples, an ¢cNB and/or UE may concurrcently transmit,
within a frame, onc or morc subframes having a first subframc type using two or more
separate carriers, and transmit, within the frame, a subframe of a second subframe type
using one carrier. One or more of the carriers transmitting the first subframe type may
have a first bandwidth, and the carrier transmitting the second subframe type may have
a second bandwidth that is greater than the first bandwidth. In some examples, the first
bandwidth may be 20 MHz, and the second bandwidth may be 40 MHz, 80 MHz, or
160 MHz. In some examples, scalable bandwidth for subframes of the second subframe
type may be combined with shorter RTTs such as described above, to provide enhanced

data rates.

[0053] In still other examples, an eNB may configure and/or a UE may identify,
several regions of a carrier having different symbol durations. For instance, a carrier

may be configured with a region having a longer symbol duration (e.g., 15 kHz
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subcarrier spacing) to support typical communications traffic, and the carrier may be
configured with a region having a shorter symbol duration (e.g., 60 kHz subcarrier
spacing) to serve low latency traffic. In some examples, a system may operate with a
longer symbol duration by default, and the system may configure regions with shorter
symbol duration on demand. While in other cases, a system may operate with a shorter
symbol duration, and it may configure regions with longer symbol duration on demand.
The default operation may be depend on traffic within the system, or may depend on

particular goals of the system operator.

[0054] In some cases, a longer symbol duration may be advantageous. For example,
for a given cyclic prefix length, a longer symbol duration may result in lower cyclic
prefix overhead. A longer symbol duration may thus provide for better spectral
efficiency than a shorter symbol duration. Nonetheless, shorter symbol duration may be
desirable for low latency traffic. In addition to the HARQ advantages mentioned above,
a shorter symbol duration may mean that each symbol contains fewer subcarriers,
which, in turn, may result in shorter transmission, processing, decoding, or response
times for devices within the system. A system may thus configure regions of shorter

symbol duration on demand for low latency traffic.

[0055] The portions of a carrier configured for longer or short symbol duration—e.g.,
the portions of a carrier having a long symbol duration by default and configured with
short-symbol-duration regions—may be adjusted. In the casc of TDM, this adjustment
may include adjusting duration or periodicity. For FDM, the adjustment may be a

bandwidth adjustment.

[0056] Techniques described herein may be used for various wireless communications
systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and other systems. The
terms “system” and “network” are often used interchangeably. A CDMA system may
implement a radio technology such as CDMA2000, Universal Terrestrial Radio Access
(UTRA), etc. CDMA2000 covers 1S-2000, IS-95, and IS-856 standards. I1S-2000
Releases 0 and A are commonly referred to as CDMA2000 1X, 1X, etc. 1S-856 (TIA-
856) is commonly referred to as CDMA2000 1xEV-DO, High Rate Packet Data
(HRPD), etc. UTRA includes Wideband CDMA (WCDMA) and other variants of
CDMA. A TDMA system may implement a radio technology such as Global System
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for Mobile Communications (GSM). An OFDMA system may implement a radio
technology such as Ultra Mobile Broadband (UMB), Evolved UTRA (E-UTRA), IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, etc. UTRA and
E-UTRA are part of Universal Mobile Telecommunication System (UMTS). 3GPP
Long Term Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS
that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A, and GSM are described in
documents from an organization named “3rd Generation Partnership Project” (3GPP).
CDMA2000 and UMB are described in documents from an organization named “3rd
Generation Partnership Project 2 (3GPP2). The techniques described herein may be
used for the systems and radio technologies mentioned above as well as other systems
and radio technologies. The description below, however, describes an LTE system for
purposes of example, and LTE terminology is used in much of the description below,

although the techniques are applicable beyond LTE applications.

[0057] Thus, the following description provides examples, and is not limiting of the
scope, applicability, or configuration set forth in the claims. Changes may be made in
the function and arrangement of clements discussed without departing from the spirit
and scopc 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 certain examples may be

combined in other examples.

[0058] 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 access points (e.g.,
base stations, ¢eNBs, or WLAN access points) 105, a number of user equipment (UEs)
115, and a core network 130. Some of the access points 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 access points 105 (e.g., base stations or eNBs) in
various examples. Access points 105 may communicate control information and/or user
data with the core network 130 through backhaul links 132. In examples, the access
points 105 may communicate, either directly or indirectly, with each other over

backhaul links 134, which may be wired or wireless communication links. The wireless
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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.

[0059] In some examples, at least a portion of the wireless communications system
100 may be configured to operate on multiple hierarchical layers in which one or more
of the UEs 115 and one or more of the access points 105 may be configured to support
transmissions on a hierarchical layer that has a reduced latency with respect to another
hierarchical layer. In some examples a hybrid UE 115-a may communicate with access
point 105-a on both a first hierarchical layer that supports first layer transmissions with
a first subframe type and a second hierarchical layer that supports second layer
transmissions with a second subframe type. For example, access point 105-a may
transmit subframes of the sccond subframe type that are time division duplexed with

subframes of the first subframe type.

[0060] In some examples, hybrid UE 115-a may acknowledge receipt of a
transmission by providing ACK/NACK for the transmission through, for example, a
HARQ scheme. Acknowledgments from hybrid UE 115-a for transmissions in the first
hierarchical layer may be provided, in some examples, after a predefined number of
subframes following the subframe in which the transmission was received. The hybrid
UE 115-a, when operating in the second hierarchical layer may, in examples,
acknowledge receipt in a same subframe as the subframe in which the transmission was
received. The time required to transmit an ACK/NACK and receive a retransmission
may be referred to as round trip time (RTT), and thus subframes of the second subframe
type may have a second RTT that is shorter than a RTT for subframes of the first
subframe type.

[0061] In other examples, a second layer UE 115-b may communicate with access
point 105-b on the second hierarchical layer only. Thus, hybrid UE 115-a and second

layer UE 115-b may belong to a second class of UEs 115 that may communicate on the



CA 02930862 2016-05-16

WO 2015/099889 PCT/US2014/064149

14

second hierarchical layer, while legacy UEs 115 may belong to a first class of UEs 115
that may communicate on the first hierarchical layer only. Access point 105-b and UE
115-b may communicate on the second hierarchical layer through transmissions of
subframes of the second subframe type. Access point 105-b may transmit subframes of
the second subframe type exclusively, or may transmit one or more subframes of the
first subframe type on the first hierarchical layer that are time division multiplexed with
subframes of the second subframe type. Second layer UE 115-b, in the event that access
point 105-b transmits subframes of the first subframe type, may ignore such subframes
of the first subframe type. Thus, second layer UE 115-b may acknowledge receipt of
transmissions in a same subframe as the subframe in which the transmissions are
received. Thus, second layer UE 115-b may operate with reduced latency compared to

UEs 115 that operate on the first hierarchical layer.

[0062] Additionally or alternatively, the system may be configured with a carrier or
carriers having regions with different, co-existing symbol duration. For instance, a
carrier may be configured with a first region having a first symbol duration and second
region having a sccond symbol duration. The regions may be TDM or FDM. An access
point 105 may communicate with UEs 115 using the first or second region, or both,

depending on a latency requirement of the UE 115.

[0063] 'The access points 105 may wirclessly communicate with the UEs 115 via onc
or morc access point antcnnas. Each of the access points 105 sitcs may provide
communication coverage for a respective coverage area 110. In some examples, access
points 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 ¢NodeB, or some other suitable terminology. The coverage arca
110 for a base station may be divided into sectors making up only a portion of the
coverage area (not shown). The wireless communications system 100 may include
access points 105 of different types (e.g., macro, micro, and/or pico base stations). The
access points 105 may also utilize different radio technologies, such as cellular and/or
WLAN radio access technologies. The access points 105 may be associated with the
same or different access networks or operator deployments. The coverage areas of

different access points 105, including the coverage arcas of the same or different types
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of access points 105, utilizing the same or different radio technologies, and/or belonging

to the same or different access networks, may overlap.

[0064] In LTE/LTE-A network communication systems, the terms evolved Node B
(eNodeB or eNB) may be generally used to describe the access points 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 access point 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 ¢NB for a macro cell may be referred to as a macro eNB. An ¢NB for a
small ccll may be referred to as a small ccll eNB. An ¢NB may support onc or multiple

(c.g., two, three, four, and the like) cells.

[0065] The corc nctwork 130 may communicatc with thc cNBs or other access points
105 via a backhaul 132 (e.g., S1 interface, ctc.). The access points 105 may also
communicate with one another, e.g., directly or indirectly via backhaul links 134 (c.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 access points 105 may have similar frame
timing, and transmissions from different access points 105 may be approximately
aligned in time. For asynchronous operation, the access points 105 may have different
frame timing, and transmissions from different access points 105 may not be aligned in
time. Furthermore, transmissions in the first hierarchical layer and second hierarchical
layer may or may not be synchronized among access points 105. The techniques

described herein may be used for either synchronous or asynchronous operations.
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[0066] 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.

[0067] The communication links 125 shown in wireless communications system 100
may include uplink (UL) transmissions from a UE 115 to an access point 105, and/or
downlink (DL) transmissions, from an access point 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. The communications links
125 may carry transmissions of cach hierarchical layer which, in some examples, may
be multiplexed in the communications links 125. The UEs 115 may be configured to
collaboratively communicate with multiple access points 105 through, for example,
Multiple Input Multiple Output (MIMO), carrier aggregation (CA), Coordinated Multi-
Point (CoMP), or other schemes. MIMO techniques use multiple antennas on the
access points 105 and/or multiple antennas on the UEs 115 to transmit multiple data
streams. Carrier aggregation may utilize two or more component carriers on a same or
different serving cell for data transmission. CoMP may include techniques for
coordination of transmission and reception by a number of access points 105 to improve
overall transmission quality for UEs 115 as well as increasing network and spectrum

utilization.

[0068] As mentioned, in some examples access points 105 and UEs 115 may utilize

carrier aggregation to transmit on multiple carriers. In some examples, access points
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105 and UEs 115 may concurrently transmit in a first hierarchical layer, within a frame,
one or more subframes each having a first subframe type using two or more separate
carriers. Each carrier may have a bandwidth of, for example, 20 MHz, although other
bandwidths may be utilized. Hybrid UE 115-a, and/or second layer UE 115-b may, in
certain examples, receive and/or transmit one or more subframes in a second
hierarchical layer utilizing a single carrier that has a bandwidth greater than a bandwidth
of one or more of the separate carriers. For example, if four separate 20 MHz carriers
are used in a carrier aggregation scheme in the first hierarchical layer, a single 80 MHz
carrier may be used in the second hierarchical layer. The 80 MHz carrier may occupy a
portion of the radio frequency spectrum that at least partially overlaps the radio
frequency spectrum used by one or more of the four 20 MHz carriers. In some
examples, scalable bandwidth for the second hierarchical layer type may be combined
techniques to provide shorter RTTs such as described above, to provide further

enhanced data rates.

[0069] Each of the different operating modes that may be employed by wireless
communication system 100 may opcrate according to frequency division duplexing
(FDD) or time division duplexing (TDD). In some examples, different hicrarchical
layers may operate according to different TDD or FDD modes. For example, a first
hierarchical layer may operate according to FDD while a second hierarchical layer may
operate according to TDD. In some examples, OFDMA communications signals may
be used in the communications links 125 for LTE downlink transmissions for each
hierarchical layer, while single carrier frequency division multiple access (SC-FDMA)
communications signals may be used in the communications links 125 for LTE uplink
transmissions in each hierarchical layer. Additional details regarding implementation of
hierarchical layers in a system such as the wireless communications system 100, as well
as other features and functions related to communications in such systems, are provided

below with reference to FIGS. 2-19.

[0070] FIG. 2 is a diagram illustrating an example of a downlink 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 in LTE/LTE-A or similar systems. A frame 210
(10 ms) may be divided into 10 equally sized subframes (e.g., subframe 225, 230, etc.).
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In some examples, frame 210 may be used for transmissions of both a first hierarchical
layer and a second hierarchical layer, with one or more subframes within frame 210
used for transmissions of the first hierarchical layer and one or more other subframes
within frame 210 used for transmissions of the second hierarchical layer. For example,
subframes 225 and 230 may be used for transmissions of the first hierarchical layer, and
subframes 235, 240, and 245 may be used for transmissions of the second hierarchical
layer. The first hierarchical layer in certain examples may correspond to a legacy

LTE/LTE-A layer, and second hicrarchical layer may correspond to a low latency layer.

[0071] In examples where the first hierarchical layer corresponds to a legacy
LTE/LTE-A layer, first layer subframes may include two consecutive time slots 262 and
264. An OFDMA component carrier 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. The resource grid may be divided into multiple resource
elements 252. In legacy LTE/LTE-A, 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 consccutive OFDM symbols 266 in the time domain, or 84 resource
clements 252. The tone spacing for subcarriers 268 may be 15 kHz, and a uscful
symbol duration for OFDM symbols 266 may bc 66.67 us. As comparcd with other
symbol duration that may be configured within the system, the symbol duration for
OFDM symbols 266 may represent a longer symbol duration. OFDM symbols 266 may
also include a cyclic prefix that is, for a normal legacy 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.
As noted, in examples where the second hierarchical layer corresponds to a low latency
layer, low latency or burst subframes may replace a number of the downlink subframes
(and may be of the same duration). Burst subframes, according to some examples, may
include more symbols within the subframe, and each symbol may have a reduced
symbol duration relative to the legacy OFDM (or SC-FDM) symbols 266. Burst mode
symbols also may have increased tone spacing for subcarriers relative to legacy
symbols, and in some examples have a tone spacing of 120 kHz. Additionally or
alternatively, frame structure 210 may coexist, e.g., in the same hierarchical layer, with
other regions of a carrier having shorter symbol duration. More detailed examples will

be described with reference to FIGS. 3A-10.
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[0072] Some of the resource elements, designated R (e.g., 254), may include DL
reference signals (DL-RS). The DL-RS may include Cell-specific RS (CRS) (also
sometimes called common RS) and UE-specific RS (UE-RS). UE-RS may be
transmitted only on the resource blocks upon which the corresponding physical DL
shared channel (PDSCH) 260 is mapped. The number of bits carried by each resource

element may depend on the modulation scheme.

[0073] As illustrated in FIG. 2, a physical downlink control channel (PDCCH) 255
may be time-division multiplexed with a physical downlink shared channel (PDSCH)
260 and may be fully distributed within the entire bandwidth of the component carrier
250 within a first region of first layer subframe 230. In the example illustrated in FIG.
2, PDCCH 255 takes up the first three symbols of the subframe 230. PDCCH 255 may
have more or fewer symbols as is appropriate based on the component carrier bandwidth

and amount of control information for the subframe 230.

[0074] The PDCCH may carry downlink control information (DCI) in control channel
elements (CCEs). The DCI may include, for example, information regarding the
downlink scheduling assignments, uplink resource grants, transmission scheme, uplink
power control, hybrid automatic return repeat request (HARQ) information, modulation
and coding schemes (MCS) and other information. In some examples, the DCI may
include information for cach hicrarchical layer. In other cxamples, subframes of
different subframe types may include DCI for different hierarchical layers. A DCI can
be UE-specific (dedicated) or cell-specific (common) and placed in different dedicated

and common search spaces within the PDCCH depending on the format of the DCI.

[0075] In various examples, acknowledgement/negative acknowledgement
(ACK/NACK) for downlink transmissions may be performed by Hybrid ARQ
Acknowledgement (HARQ-ACK) using a physical uplink control channel (PUCCH).
PUCCH resources for HARQ-ACK may be determined based on when a downlink
transmission is received. In some examples, HARQ-ACK may be transmitted in
PUCCH resources based on a subframe 4 in which the downlink transmission is
received. For legacy FDD operation, in certain examples, HARQ-ACK for downlink
transmissions may be reported in a PUCCH subframe determined based on the

downlink subframe (e.g., £ + 4). For legacy TDD operation, HARQ-ACK may be
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provided in a first available uplink subframe following a certain time period from the
downlink subframe & (e.g., the first available subframe £ + 4 or after). In examples
where the first hierarchical layer corresponds to a legacy LTE/LTE-A layer, HARQ-
ACK may take several milliseconds. In examples where the second hierarchical layer
corresponds to a low latency layer (as will be described in more detail with reference to
FIGS. 3A-10), the RTT for acknowledgment may be significantly reduced (e.g., to
within a subframe). While the example of FIG. 2 is described with respect to downlink
transmissions, similar structures and timing may be used in uplink transmissions which,

in some examples, may be transmitted using SC-FDMA symbols.

[0076] As discussed above, various examples provide communications in a wireless
communications system, such as wireless communications system 100 of FIG. 1,
according to multiple hierarchical layers. Communications in a first hierarchical layer
may use the frame structure, slots, symbols and subcarrier spacing such as described
above with respect to FIG. 2, and communications in a second hierarchical layer may
use symbols having a reduced symbol duration. FIG. 3A is a block diagram 300-a
conceptually illustrating an cxample of radio frames and different subframes that may
be transmitted on different layers of a wircless communication system, in accordance
with an aspect of the present disclosure. The radio frames of FIG. 3A may be
transmitted using portions of the wireless communications system 100 described with
reference to FIG. 1 between one or more access points 105 and one or more UEs 115,
for example. In this example, a legacy TDD frame 310 may include ten 1 ms subframes
that include downlink subframes 325, special subframes 330, and uplink subframes 335.
The downlink subframes 325, special subframes 330, and uplink subframes 335 may
include a subframe structure as discussed above with respect to FIG. 2, including 14
symbols 366 within each 1 ms subframe. In some examples, downlink subframes 325
may include downlink OFDM symbols, uplink subframes may include SC-FDM
symbols, and special subframes 330 may include both uplink SC-FDM symbols and
downlink OFDM symbols.

[0077] In the example of FIG. 3A, low latency or burst mode frame 320 may replace a
number of the downlink subframes 325 with burst subframes 340. Burst subframes 340,
according to some examples, may be transmitted in a different hierarchical layer than

downlink subframes 325, special subframes 330, and uplink subframes 335. Burst
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subframes 340, in examples, may include 88 symbols (although, as discussed herein,
many different symbol variations may be used in other examples). In the example of
FIG. 3A, burst subframes 340 may be TDD burst subframes and may include downlink
symbols 345, special symbols 350, and uplink symbols 355. Each of the symbols 345,
350, and 355 may have a reduced symbol duration relative to the legacy OFDM or SC-
FDM symbols (e.g., symbols 266 of FIG. 2), and in some examples have a symbol
duration of 11.36 us per symbol, including a useful symbol duration of 8.33 pus and a
cyclic prefix duration of 3.03 us. The symbols 345, 350, or 355 may thus represent a
shorter symbol duration as compared to other symbol durations configured with the
system. Symbols 345, 350, and 355 may have increased tone spacing for subcarriers
relative to legacy symbols, and in some examples have a tone spacing of 60 or 120 kHz.
In some examples, a hybrid UE, second layer UE, and/or ¢eNB may generate legacy
symbols 366 utilizing a single internal clock configured to generate legacy symbols 366
having a first symbol duration, and may generate the symbols 345, 350, 355 of burst
subframes by adapting the clock to generate symbols 345, 350, 355 having a second
symbol duration. In other cxamples, scparate clocks may be usced to generate legacy

symbols 366 and the symbols 345, 350, 355 of burst subframes.

[0078] Symbols 345, 350, and 355 may include control channcls and sharcd channcls
similarly as discussed with respect to FIG. 2, which may be included within symbols or
across symbols. In some examples, hybrid UEs (e.g., UE 115-a of FIG. 1) may be
configured to communicate using both legacy subframes 325, 330, 335, and burst
subframes 340. Likewise, second layer UEs (e.g., UE 115-b of FIG. 1) may be
configured to communicate using only burst subframes 340, and legacy UEs may be
configured to communicate using only legacy subframes 325, 330, 335. In examples
where a UE may communicate on just one hierarchical layer, subframes of the other

hierarchical layer(s) may be ignored.

[0079] In the example of FIG. 3A, frame 320 includes three burst subframes 340,
although this may increase or decrease based on system requirements, current demands
of the system, and/or one or more other factors. For example, an eNB (such as access
point 105 of FIG. 1) may determine that no UEs are within its coverage area that may be
configured for operation on the second hierarchical layer, and thus not transmit any

burst subframes 340. In other cases, an eNB may determine that a relatively large
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number of UEs are in its coverage arca and may configure a relatively large number of
subframes as burst subframes 340. In some cases, an eNB may transmit burst
subframes exclusively. Such configurations may be set by a carrier, may be semi-static,
or may be dynamically changed based on conditions of the wireless communications

system at a given time.

[0080] FIG. 3B is a block diagram 300-b conceptually illustrating an example of a
radio frame and different subframes that may be transmitted on different layers of a
wireless communication system, in accordance with an aspect of the present disclosure.
The radio frames of FIG. 3B may be transmitted using portions of the wireless
communications system 100 described with reference to FIG. 1 between one or more
access points 105 and one or more UEs 115, for example. FIG. 3B may include burst
mode frame 320-a, which may include downlink subframes 325-a, special subframes
330-a, and uplink subframes 335-a similar to downlink subframes 325, special
subframes 330, and uplink subframes 335 as described above with reference to FIG. 3A.
Additionally, burst mode frame 320-a may replace a number of subframes with burst

subframes 360.

[0081] In the example of FIG. 3B, burst subframes 360 may include a number of
frequency bands, such as downlink frequency bands 370 or uplink frequency bands 375.
Burst subframcs 360 may be similar to the burst subframes 340 of FIG. 3A, in that burst
subframes 360 may be transmitted in a different hierarchical layer than downlink
subframes 325-a, special subframes 330-a, and uplink subframes 335-a. Burst
subframes 360 may be frequency division multiplexed with other subframes of the burst
mode frame 320-a. In some examples, burst subframes 360 may be referred to as FDD
burst subframes, in a manner similar to the TDD burst subframes described above with
reference to FIG. 3A; and they may include both downlink frequency bands 370 and
uplink frequency bands 375.

[0082] Each of the downlink frequency bands 370 and uplink frequency bands 375
may be made up of one or more subcarriers. In some examples, the frequency bands
370 or 375 may span 14 symbols, or 88 symbols, depending on the duration of the
symbol period; but the frequency bands 370 and 375 may span any number of symbols.
Each downlink frequency band 370 and uplink frequency band 375 may include control
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channels and shared channels similar to those discussed with respect to FIG. 2, which
may be included within symbols or across symbols. In some examples, hybrid UEs
(e.g., UE 115-a of FIG. 1) may be configured to communicate using both legacy
subframes 325-a, 330-a, 335-a, and burst subframes 360. Likewise, second layer UEs
(e.g., UE 115-b of FIG. 1) may be configured to communicate using only burst
subframes 360, and legacy UEs may be configured to communicate using only legacy
subframes 325, 330, 335. In examples where a UE may communicate on just one

hierarchical layer, subframes of the other hierarchical layer(s) may be ignored.

[0083] In some examples, the frequency bands 370 and 375 may use constant (e.g.,
predetermined), semi-static, or dynamically changed portions of frequency spectrum,
which may be based on channel conditions or a number of UEs within a coverage area.
As discussed above with reference to FIG. 3A, an eNB may vary the number of burst

subframes transmitted, or may transmit burst subframes exclusively.

[0084] Next, FIG. 3C is a block diagram conceptually illustrating an example of a
carrier 300-c of a wireless communication system with symbols having different symbol
durations time-division multiplexed, in accordance with an aspect of the present
disclosure. The carrier 300-c may be transmitted using portions of the wireless
communications system 100 described with reference to FIG. 1 between one or more

access points 105 and one or more UEs 115, for example.

[0085] The carricr 300-¢ may include a region 380-a having a longer symbol duration
and a sccond region 385-a having a shorter symbol duration. As described above, the
symbol duration of regions 380-a and 385-a may be longer or shorter relative to one
another. So, for example, region 380-a may have symbols having a useful symbol
duration of 66.67 us, while region 385-a may have symbols having a useful symbol
duration of 8.33 us. As depicted in the example of FIG. 3C, the regions 380-a and 385-
a may be TDM. The carrier 300-c may include additional regions, which may likewise

be TDM.

[0086] The portion of the carrier 300-c occupied by the region 380-a or the region
385-a may be adjusted according to a latency requirement of a UE 115 (FIG. 1) served
by the carrier 300-c. In the case of carrier 300-c, in which the regions 380-a and 385-a

are TDM, this adjusting may include adjusting a time duration or a periodicity of either
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region 380-a or 385-a. In some examples, a signal transmitted in a symbol of the region
380-a indicates the symbol duration of the region 385-a. That is, in some cases, a UE
115 receives, in a symbol of region 380-a, RRC signaling, a broadcast message, Layer 1
signaling, MAC signaling, or the like, that configures the region 385-a. This signaling

may be utilized to create, modify, or remove region 385-a, for example.

[0087] FIG. 3D is a block diagram conceptually illustrating an example of a carrier
300-d of a wireless communication system with symbols having different symbol
durations frequency-division multiplexed, in accordance with an aspect of the present
disclosure. The carrier 300-c may, for example, be transmitted using portions of the
wireless communications system 100 described with reference to FIG. 1 between one or

more access points 105 and one or more UEs 115.

[0088] The carrier 300-d may include a region 380-b having a longer symbol duration
and a second region 385-b having a shorter symbol duration. As described above, the
symbol duration of regions 380-b and 385- b may be longer or shorter relative to one
another. In the example of FIG. 3D, the regions 380-b and 385-b may be FDM. The
carrier 300-d may also include a guard band 390-a between the regions 380-b and 385-
b. The guard band 390-a may be a portion of spectrum that is not used by for uplink or
downlink transmissions, and may help reduce interference for devices communicating in
regions 380-b or 385-b. The carrier 300-d may include additional regions, which may

likewisc be FDM, or they may bec TDM.

[0089] The portion of the carricr 300-d occupied by the region 380-b or the region
385-b may be adjusted according to a latency requirement of a UE 115 (FIG. 1) served
by the carrier 300-d. For carrier 300-d, in which the regions 380-b and 385-b are FDM,
adjusting may include adjusting a bandwidth of either region 380-b or 385-b. A signal
transmitted in a symbol of the region 380-b may indicate the bandwidth or symbol
duration, or both, of the region 385-b. That is, in some cases, a UE 115 receives, in a
symbol of region 380-a, RRC signaling, a broadcast message, Layer 1 signaling, MAC
signaling, or the like, that configures the region 385-b.

[0090] FIG. 3E is a block diagram conceptually illustrating an example of a carrier
300-c of a wireless communication system with symbols having different symbol

durations time-division multiplexed and frequency-division multiplexed, in accordance
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with an aspect of the present disclosure. The carrier 300-e may, for example, be
transmitted using portions of the wireless communications system 100 described with

reference to FIG. 1 between one or more access points 105 and one or more UEs 115.

[0091] The carrier 300-¢ may include a region 380-c having a longer symbol duration
and a second region 385-c having a shorter symbol duration. The symbol duration of
regions 380-c and 385-c may, as described above, be longer or shorter relative to one
another. In the example of FIG. 3E, the regions 380-c and 385-c may be FDM; and the
carrier 300-¢ may also include a guard band 390-b between the regions 380-c and 385-c.
The carrier 300-d may include additional regions, which may likewise be FDM, or they
may be TDM. In some examples, the carrier 300-¢ includes a region 395 TDM with
regions 380-c and 385-c. The region 395 may have a symbol duration that is the same
as the symbol duration of region 385-c. Or, the region 395 may be configure with a

symbol duration that is different from both the regions 380-c and 385-c.

[0092] The portions of the carrier 300-¢ occupied by regions 380-¢, 385-¢, or 390 may
be adjusted according to the latency requirements of a UE 115 (FIG. 1). This may

include adjusting a bandwidth, a duration, or a periodicity.

[0093] As mentioned above, a second hierarchical layer in a wireless communications
system, such as wireless communication system 100 of FIG. 1 for example, may have
lower latency as compared to a first hierarchical layer. FIG. 4 is a block diagram 400
conceptually illustrating an cxample of a radio frames and transmission
acknowledgment timing for different subframes that may be transmitted on different
hierarchical layers of a wircless communication system, in accordance with an aspect of
the present disclosure. The radio frames of FIG. 4 may be transmitted using portions of
the wireless communications system 100 described with reference to FIG. 1 between
one or more access points 105 and one or more UEs 115, for example. In this example,
similarly as described with respect to FIG. 3A, a legacy TDD frame 410 may include
ten 1 ms subframes that include downlink subframes 425, special subframes 430, and
uplink subframes 435. The downlink subframes 425, special subframes 430, and uplink
subframes 435 may include a subframe structure as discussed above with respect to

FIG. 2, including 14 symbols within each 1 ms subframe.
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[0094] In the example of FIG. 4, a low latency or burst mode frame 420 may replace a
number of the downlink subframes 425 with burst subframes 440. Burst subframes 440,
similarly as discussed above, may be transmitted in a different hierarchical layer than
downlink subframes 425, special subframes 430, and uplink subframes 435. Burst
subframes 440, in examples, may include 88 symbols, and may include downlink
symbols 445, special symbols 450, and uplink symbols 455. Each of the symbols 445,
450, and 455 may have a reduced symbol duration relative to the legacy symbols (e.g.,
symbols 266 of FIG. 2), such as described above with respect to FIG. 3A. Such reduced
symbol duration may enable acknowledgment of transmissions with a reduced latency

relative to acknowledgment of transmissions according to legacy HARQ schemes.

[0095] For example, in legacy TDD frame 410, a UE may receive a downlink
transmission in downlink subframe 425 and transmit an acknowledgment related to the
downlink transmission according to a legacy HARQ scheme in which ACK/NACK it
transmitted in a first available subframe at or after £ + 4 subframes from the receipt of
the downlink transmission. In the example of FIG. 4, subframe &k + 4 from downlink
subframe 425 is another downlink subframe, and the ACK/NACK 460 is thus
transmitted in following uplink subframe 465. Thus, in this cxample, there is a 7 ms
delay between downlink subframe 425 and providing the ACK/NACK 460 associated
with the subframe. In the cvent that a rctransmission is nccessary bascd on the
ACK/NACK 460, the retransmission may then be scheduled for a subsequent downlink
subframe, resulting in a RTT that, in this example, would be a minimum of 11 ms. In
the event that an acknowledgment may be provided in the fourth subframe following a
downlink transmission (e.g.,, in FDD mode ACK/NACK may be consistently

transmitted in subframe k& + 4), a minimum RTT may then be 8 ms.

[0096] Within burst subframes 440, in the example of FIG. 4, the latency related to
providing acknowledgment of a transmission may be reduced. For example,
transmissions using the second hierarchical layer may follow similar HARQ techniques
as with legacy transmissions, and an acknowledgment of a transmission may be
provided in a symbol that is £ + 4 symbols after receipt of a transmission, or in a first
available symbol for transmission afterward. For example, a UE may receive downlink
transmission in symbol 445 and provide an ACK/NACK 470 in uplink symbol 455,

which is five symbols after the receipt of downlink transmission in downlink symbol
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445 because the fourth symbol following the transmission is a special symbol 450.
Thus, the UE may provide ACK/NACK 470 of the downlink transmission within the
burst subframe 440, which is less than one ms following the receipt of the downlink
transmission in downlink symbol 445. In some examples, similarly as discussed above
with respect to FIG. 3A, the symbol duration for symbols in the burst subframe 440 may
be 11.36 us, resulting in an acknowledgment being provided in this example 56.8 us
following the downlink symbol 445 transmission. The eNB may then schedule any
required retransmission and thus may provide, in some examples, a resulting RTT of

approximately 100 us or less.

[0097] While ACK/NACK 470 is described with respect to a UE receiving a
downlink symbol 445, similar functions may be performed for uplink transmissions.
For example, a UE may transmit an uplink symbol 480 to an eNB, which may be
acknowledged by the eNB through ACK/NACK 475 that is provided in downlink
symbol 485. In the even that a retransmission i necessary, such a retransmission may
be provided in a subsequent uplink symbol from the UE and thus may again provide, in
some cxamples, a resulting RTT of approximately 100 us or less. Accordingly, latency
associated with transmissions in burst subframes 440 may be significantly reduced.
Such reduced latency may cnable enhanced data rates, through reduced RTTs which
may reduce overall retransmission times. Such reduced RTTs may thus impact the time
that it may take to achieve the TCP segment error rate, and may thus enhance the overall

data rate that is achievable between a UE and an eNB.

[0098] While the examples discussed with reference to FIGS. 3A, 3B, and 4 describe
first hierarchical layer TDD transmissions, such techniques are also applicable to other
transmission modes. FIG. 5 is a block diagram 500 conceptually illustrating another
example of radio frames and different subframes that may be transmitted on different
layers of a wireless communication system, in accordance with an aspect of the present
disclosure. The radio frames of FIG. 5 may be transmitted using portions of the
wireless communications system 100 described with reference to FIG. 1 between one or
more access points 105 and one or more UEs 115, for example. In this example,
similarly as described with respect to FIG. 3A, a legacy FDD frame 510 may include ten

1 ms downlink subframes 525. The downlink subframes 525 may include a subframe
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structure as discussed above with respect to FIGS. 2 and 3, including 14 symbols within

each 1 ms subframe.

[0099] In the example of FIG. 5, a low latency or burst mode frame 520 may replace a
number of the downlink subframes 525 with burst subframes 540. Burst subframes 540,
similarly as discussed above, may be transmitted in a different hierarchical layer than
downlink subframes 525. In some examples, however, FDD downlink subframes 525
may include scheduling information in the first two symbols of the subframe 525. In
order to provide compatibility with UEs that are not capable of operating in the second
hierarchical layer, burst subframes 540, in examples, may include two legacy FDD
OFDM downlink symbols 545 and 550, followed by 76 TDD burst mode symbols 555,
which may include downlink symbols, special symbols, and uplink symbols similarly as
discussed above with respect to FIGS. 3A, 3B, and 4. The legacy FDD OFDM symbols
545 and 550 may be received by a UE that is not capable of receiving burst mode
symbols 555, and may perform legacy scheduling functions based on the information in
legacy FDD symbols 545 and 550. In some examples, burst subframes 540 may be
sclected to correspond to FDD subframes 525 that may provide multicast or broadcast
content, and that legacy UEs may not be configurcd to receive, and therefore such

lcgacy UEs in such cases would ignore the remainder of such subframes in any cvent.

[0100] Thus, in the example, of FIG. 5, hybrid multiplexing may be implemented, in
which a first hicrarchical layer may operate using FDD, while a sccond hicrarchical
layer may operate using TDD. According to various examples, the first hierarchical
layer may operate in FDD, TDD, or supplemental downlink (SDL) mode, and the
second hierarchical layer may operate in FDD, TDD, or SDL mode independently of the
mode of the first hierarchical layer. Similarly as discussed above, the burst mode
symbols 555 may have a reduced symbol duration relative to the legacy symbols (e.g.,
symbols 266, 366 of FIGS. 2 or 3). Such reduced symbol duration may enable
acknowledgment of transmissions with a reduced latency relative to acknowledgment of

transmissions according to legacy HARQ schemes.

[0101] While the example discussed with reference to FIG. 5 describes TDD
operation in a second hierarchical layer, other modes, such as FDD or SDL, may be

used in the second hierarchical layer, as discussed with reference to FIG. 3B, for
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instance. FIG. 6 is a block diagram 600 conceptually illustrating another example of
radio frames and different subframes that may be transmitted on different layers of a
wireless communication system, in accordance with an aspect of the present disclosure.
The radio frames of FIG. 6 may be transmitted using portions of the wireless
communications system 100 described with reference to FIG. 1 between one or more
access points 105 and one or more UEs 115, for example. In this example, similarly as
described with respect to FIG. 5, a legacy FDD frame 610 may include ten 1 ms
downlink subframes 625. The downlink subframes 625 may include a subframe
structure as discussed above with respect to FIGS. 2 - 5, including 14 symbols within

each 1 ms subframe.

[0102] In the example of FIG. 6, a low latency or burst mode frame 620 may replace a
number of the downlink subframes 625 with burst subframes 640. Burst subframes 640,
similarly as discussed above, may be transmitted in a different hierarchical layer than
downlink subframes 625. In some examples, similarly as discussed above with respect
to FIG. 5, FDD downlink subframes 625 may include scheduling information in the first
two symbols of the subframe 625. In order to provide compatibility with UEs that arc
not capable of operating in the second hicrarchical layer, burst subframes 640, in
cxamples, may include two legacy FDD OFDM symbols 645 and 650, followed by 76
SDL burst mode downlink symbols 655. The legacy FDD OFDM symbols 645 and 650
may be received by a UE that is not capable of receiving burst mode symbols 655, and
may perform legacy scheduling functions based on the information in legacy FDD
OFDM symbols 645 and 650. In some examples, burst subframes 640 may be selected
to correspond to FDD subframes 625 that may provide multicast or broadcast content,
and that legacy UEs may not be configured to receive, and therefore such legacy UEs in
such cases would ignore the remainder of such subframes in any event. Similarly as
discussed above, the burst mode symbols 655 may have a reduced symbol duration
relative to the legacy symbols (e.g., symbols 266, 366 of FIGS. 2 or 3). Such reduced
symbol duration may enable acknowledgment of transmissions with a reduced latency

relative to acknowledgment of transmissions according to legacy HARQ schemes.

[0103] While various of the above examples provide different hierarchical layers of
communication using one component carrier, techniques described herein are applicable

to wireless communications systems that may utilize carrier aggregation. FIG. 7 is a



CA 02930862 2016-05-16

WO 2015/099889 PCT/US2014/064149

30

block diagram conceptually illustrating a wireless communications system that may
utilize carrier aggregation, in accordance with aspects of the present disclosure. In this
example, a portion of a wireless communications system 700 is illustrated in which eNB
105-c may communicate with UE 115-c using carrier aggregation. The wireless
communications system 700 may be an example of portions of the wireless
communications system 100 described with reference to FIG. 1. Moreover, the eNB
105-c may be an example of one of the access points 105 of FIG. 1, while the UEs 115-
¢ may be examples of the UEs 115 described with reference to FIG. 1. In some
examples, eNB 105-c and UE 115-¢c may be configured to operate on multiple

hierarchical layers, similarly as discussed above with respect to FIGS. 1-6.

[0104] The system 700 can include a user equipment 115-c, which can communicate
with eNB 105-c using one or more component carriers 1 through N (CC;-CCy). While
only one user equipment 115-¢ and one eNB 105-¢ are illustrated in FIG. 7, it will be
appreciated that the system 700 can include any number of UEs 115 and/or eNBs 105.
The eNB 105-c can transmit information to the user equipment 115-c¢ over forward
(downlink) channels 732 through 742 on component carriers CC; through CCx. In
addition, the user cquipment 115-c can transmit information to the eNB 105-c over

reverse (uplink) channels 734 through 744 on component carriers CC, though CCx.

[0105] In legacy LTE-A based systems, the UE 115-c may be configured with
multiple component carriers utilized by the eNB 105-c to enable a wider overall
transmission bandwidth. As illustrated in FIG. 7, the user equipment 115-c can be
configured with “component carrier 1 730 through “component carrier N 740, where
N is an integer greater than or equal to one. While FIG. 7 depicts two component
carriers, it is to be appreciated that the user equipment 115-c can be configured with any
suitable number of component carriers and, accordingly, the subject matter disclosed
herein and the claims are not limited to two component carriers. Component carrier 730
through 740 can include respective downlink channels 732 through 742 as well as

respective uplink channels 734 through 744.

[0106] In multi-carrier operations, each component carrier 730 through 740 may
operate using a specified bandwidth. For example, the bandwidth for each component

carricr 730 through 740 may be 20 MHz. In some examples, UE 115-c and eNB 105-c
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may be configured to operate in a second hierarchical layer in which the bandwidth for
transmitting may be scaled according to the aggregated bandwidth of the component
carriers. In some examples, UE 115-a and eNB 105-c may transmit time division
multiplexed subframes, in a similar manner as discussed above, on a first hierarchical
layer and a second hierarchical layer. In examples, one or more subframes transmitted
on the first hierarchical layer may be concurrently transmitted using two or more
separate component carriers 730 — 740. One or more burst subframes of the second
hierarchical layer may be multiplexed with the subframes transmitted on the first
hierarchical layer, with the burst subframes transmitted using one carrier having a
bandwidth that is greater than the bandwidth of the component carriers 730-740. For
example, if two component carriers are used for first hierarchical layer transmissions
each having 20 MHz bandwidth, the burst subframe may be transmitted using a 40 MHz
bandwidth. Thus, the radio frequency spectrum occupied by the two component carriers
would overlap with the radio frequency spectrum occupied by the burst subframe.
However, the two component carriers may have associated guard bands that may not be
required for the burst subframe transmission, and thus the bandwidth may be used more

cfficiently.

[0107] With reference now to FIG. 8A is a block diagram 800-a conceptually
illustrating an example of radio frames and different subframes that may be transmitted
on different component carriers and on different layers of a wireless communication
system, in accordance with an aspect of the present disclosure. The radio frames of
FIG. 8 A may be transmitted using portions of the wireless communications systems 100
and/or 700 described with reference to FIGS. 1 and/or 7 between one or more access
points or eNBs 105 and one or more UEs 115, for example. In this example, four TDD
radio frames 805 through 820 may be concurrently transmitted using carrier
aggregation. Each of the TDD frames 805 — 820 may include ten 1 ms subframes that
include downlink subframes 825, special subframes 830, and uplink subframes 835.
Time division multiplexed with the subframes 825, 830, 835, according to examples, are
burst subframes 840. The downlink subframes 825, special subframes 830, and uplink
subframes 835 may include a subframe structure as discussed above with respect to

FIG. 2, including 14 symbols within each 1 ms subframe.



CA 02930862 2016-05-16

WO 2015/099889 PCT/US2014/064149

32

[0108] In the example of FIG. 8A, low latency burst subframes 840 may be
transmitted in a different hierarchical layer than downlink subframes 825, special
subframes 830, and uplink subframes 835. Burst subframes 840, in examples, may
include 88 symbols that are each scaled in bandwidth to occupy the aggregated
bandwidth of each of the component carriers used to transmit the legacy subframes 825,
830, and 835. In the example of FIG. 8A, burst subframes 840 may be TDD burst
subframes and may include downlink symbols 845, special symbols 850, and uplink
symbols 855. Each of the symbols 845, 850, and 855 may have a reduced symbol
duration relative to the legacy symbols (e.g., symbols 266, 366 of FIGS. 2, 3), and in
some examples have a symbol duration of 11.36 us per symbol, including a useful
symbol duration of 8.33 us and a cyclic prefix duration of 8.03 us. Symbols 845, 850,
and 855 may have increased tone spacing for subcarriers relative to legacy symbols, and
in some examples have a tone spacing of 120 kHz. In some examples, a hybrid UE,
second layer UE, and/or eNB may generate legacy symbols such as symbols for
subframes 825, 830, and 835 utilizing an internal clock configured to generate legacy
symbols having a first symbol duration, and may generate the symbols 845, 850, 855 of
burst subframec by adapting the clock to gencrate symbols 845, 850, 855 having a
second symbol duration. Hybrid UEs, second layer UEs, and/or ¢eNBs may scale the
bandwidth used for transmission of the burst subframes 840 through adapting an RF

transmit/receive chain to transmit using the scaled bandwidth.

[0109] In some examples, hybrid UEs (e.g., UE 115-a of FIG. 1) may be configured
to communicate using both legacy subframes 825, 830, 835 through carrier aggregation,
and burst subframes 840 using scaled bandwidth. Likewise, second layer UEs (e.g., UE
115-b of FIG. 1) may be configured to communicate using only burst subframes 840
using scaled bandwidth, and legacy UEs may be configured to communicate using only
legacy subframes 825, 830, 835 through carrier aggregation. In examples where a UE
may communicate on just one hierarchical layer, subframes of the other hierarchical

layer(s) may be ignored.

[0110] FIG. 8B is a block diagram 800-b conceptually illustrating an example of
radio frames and different subframes that may be transmitted on different component
carriers and on different layers of a wireless communication system, in accordance with

an aspect of the present disclosure. The radio frames of FIG. 8B may be transmitted
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using portions of the wireless communications system 100 and/or 700 described with
reference to FIGS. 1 and/or 7 between one or more access points or eNBs 105 and one
or more UEs 115, for example. FIG. 8B may include TDD radio frames 805-a, 810-a,
815-a, 820-a, downlink subframes 825-a, special subframes 830-a, uplink subframes
835-a, burst subframes 840-a, downlink symbols 845-a, special symbols 850-a, and
uplink symbols 855-a which may be similar to, or the same as, TDD radio frames 805,
810, 815, 820, downlink subframes 825, special subframes 830, uplink subframes 835,
burst subframes 840, downlink symbols 845, special symbols 850, and uplink symbols
855 described above with reference to FIG. 8A. As depicted in the example of FIG. 8B,
hybrid and second layer UEs(e.g., UE 115-b of FIG. 1) may be configured to
communicate on burst subframes 840-a using scaled bandwidth on a subset set of the

aggregated component carriers.

[0111] While the examples discussed with reference to FIG. 8A describes first
hierarchical layer TDD transmissions, such techniques are also applicable to other
transmission modes. FIG. 9 is a block diagram 900 conceptually illustrating another
cxample of radio frames and different subframes that may be transmitted on different
layers of a wircless communication system, in accordance with an aspect of the present
disclosure. The radio frames of FIG. 9 may be transmitted using portions of the
wircless communications systems 100 and/or 700 described with reference to FIGS. 1
and/or 7 between one or more access points 105 and one or more UEs 115, for example.
In this example, similarly as described with respect to FIG. 8A, FDD radio frames 905
through 920 may be concurrently transmitted using carrier aggregation. Each of the
FDD frames 905 — 920 may include ten 1 ms subframes that include downlink
subframes 925. Time division multiplexed with the subframes 925, according to
examples, are burst subframes 940. The downlink subframes 925 may include a
subframe structure as discussed above with respect to FIG. 2, including 14 symbols

within each 1 ms subframe.

[0112] In the example of FIG. 9, a number of the downlink subframes 925 may be
replaced with burst subframes 940. Burst subframes 940, similarly as discussed above,
may be transmitted in a different hierarchical layer than downlink subframes 925. In
some examples, however, FDD downlink subframes 925 may include scheduling

information in the first two symbols of the subframe 925. In order to provide
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compatibility with UEs that are not capable of operating in the second hierarchical
layer, burst subframes 940, in examples, may include two legacy FDD OFDM symbols
945 and 950 transmitted according to legacy carrier aggregation techniques, followed by

76 TDD burst mode symbols having scaled bandwidth.

[0113] The burst OFDM symbols may include downlink symbols, special symbols,
and uplink symbols similarly as discussed above with respect to FIGS. 3A-5. The
legacy FDD OFDM symbols 945 and 950 may be received by a UE that is not capable
of receiving burst mode symbols 955, and may perform legacy scheduling functions
based on the information in legacy FDD OFDM symbols 945 and 950. Similarly as
discussed above, the burst mode symbols 955 may have a reduced symbol duration
relative to the legacy symbols (e.g., symbols 266, 366 of FIGS. 2 or 3). Such reduced
symbol duration may enable acknowledgment of transmissions with a reduced latency
relative to acknowledgment of transmissions according to legacy HARQ schemes, and
may enable higher data rates. While the example of FIGS. 8A, 8B, and 9 describe TDD
burst subframes 840 and 940, FDD and/or SDL burst subframes may also be

transmitted, similarly as discussed above.

[0114] With reference now to FIG. 10 a block diagram 1000 conceptually illustrating
another example of radio frames and different subframes that may be transmitted on
different layers of a wircless communication system is described, in accordance with an
aspect of the present disclosure. The radio frames of FIG. 10 may be transmitted using
portions of the wircless communications systems 100 and/or 700 described with
reference to FIGS. 1 and/or 7 between one or more access points 105 and one or more
UEs 115, for example. In this example, similarly as described with respect to FIG. 9,
FDD radio frames 1005 through 1020 may be concurrently transmitted using carrier
aggregation. Each of the FDD frames 1005 — 1020 may include ten 1 ms subframes that
include downlink subframes 1025. Time division multiplexed with the subframes 1025,
according to examples, are burst subframes 1040. The downlink subframes 1025 may
include a subframe structure as discussed above with respect to FIG. 2, including 14

symbols within each 1 ms subframe.

[0115] In the example of FIG. 10, a number of the downlink subframes 1025 may be

replaced with burst subframes 1040. Burst subframes 1040, similarly as discussed
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above, may be transmitted in a different hierarchical layer than downlink subframes
1025. In some examples, however, FDD downlink subframes 1025 may include
scheduling information in the first two symbols of the subframe 1025. In order to
provide compatibility with UEs that are not capable of operating in the second
hierarchical layer, burst subframes 1040, in examples, may include two legacy FDD
OFDM symbols 1045 and 1050 transmitted according to legacy carrier aggregation
techniques, followed by 12 FDD scaled bandwidth OFDM symbols 1055.

[0116] In such examples, each of the 12 FDD scaled bandwidth symbols may have
the same symbol duration as legacy signals, but may be transmitted using scaled
bandwidth to provide one carrier with increased bandwidth rather than four separate
carriers. Similarly as discussed above, the scaled bandwidth symbols may have
enhanced efficiencies as a result of, for example, eliminating guard bands associated
with the four separate carriers. The legacy FDD symbols 1045 and 1050 may be
received by a UE that is not capable of receiving burst mode symbols 1055, and may
perform legacy scheduling functions based on the information in legacy FDD symbols
1045 and 1050. While the example of FIG. 10 illustrates FDD burst subframes 1040,

TDD and/or SDL burst subframes may also be transmitted in a similar manner.

[0117] FIGS. 11A and 11B are block diagrams conceptually illustrating devices,
such as ¢NBs or UEs, for usc in wircless communications in accordance with aspects of
the present disclosure. With reference first to FIG. 11A, a block diagram 1100
illustrates a device 1105 for use in wireless communications in accordance with various
examples. In some examples, the device 1105 may be an example of one or more
aspects of the access points, or eNBs 105 and/or UEs 115 described with reference to
FIGS. 1 and/or 7. The device 1105 may also be a processor. The device 1105 may
include a receiver module 1110, a layer configuration module, and/or a transmitter

module 1130. Each of these components may be in communication with each other.

[0118] The components of the device 1105 may, individually or collectively, be
implemented with one or more application-specific integrated circuits (ASICs) 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 one or

more integrated circuits. In other examples, other types of integrated circuits may be
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used (e.g., Structured/Platform ASICs, Field Programmable Gate Arrays (FPGAs), and
other Semi-Custom ICs), 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
instructions embodied in a memory, formatted to be executed by one or more general or

application-specific processors.

[0119] In some examples, the receiver module 1110 may be or include a radio
frequency (RF) receiver, such as an RF receiver operable to receive transmissions on
two or more hierarchical layers (e.g., through legacy LTE subframes and burst
subframes). The receiver module 1110 may be used to receive various types of data
and/or control signals (i.c., transmissions) over one or more communication links of a
wireless communications system, such as one or more communication links 125 of the

wireless communications system 100 described with reference to FIG. 1.

[0120] In some examples, the transmitter module 1130 may be or include an RF
transmitter, such as an RF transmitter operable to transmit on two or more hierarchical
layers (e.g., through legacy LTE subframes and burst subframes). The transmitter
module 1130 may be used to transmit various types of data and/or control signals (i.c.,
transmissions) over one or more communication links of a wireless communications
system, such as one or more communication links 125 of the wireless communications

system 100 described with reference to FIG. 1.

[0121] In some examples, the layer configuration module 1120 may configurce and/or
perform layer configuration for device 1105 operation in a wireless communications
system having two or more hierarchical layers. Layer configuration module 1120 may,
for example configure device 1105 to operate within the wireless communications
system having first hicrarchical layer transmissions with a first subframe type having a
first RTT. Layer configuration module 1120 may also perform operations at a second
hierarchical layer multiplexed with the first hierarchical layer, the second hierarchical
layer having second layer transmissions with a second subframe type having a second
RTT that is less than the first RTT. In some examples, the layer configuration module
may configure or identify several regions of a carrier with different symbol durations.
Configuration and operation may include transmission and/or reception of legacy and/or

burst subframes, and may include transmission and/or reception of symbols of different
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durations TDM or FDM, such as described above with respect to FIGS. 1-10, for

example.

[0122] Referring now to FIG. 11B, a block diagram 1150 illustrates a device 1155 for
use in wireless communications, in accordance with various aspects of the present
disclosure. In some examples, the device 1155 may be an example of one or more
aspects of the access points or eNBs 105, UEs 115, and/or device 1105 described with
reference to FIG. 1, 7, and/or 11A. The device 1155 may also be a processor. The
device 1155 may include a receiver module 1110, a layer configuration module 1160,
and/or a transmitter module 1130. Each of these components may be in communication

with each other.

[0123] The components of the device 1155 may, individually or collectively, be
implemented with one or more ASICs 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 one or more integrated circuits. In other examples,
other types of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs,
and other Semi-Custom ICs), which may be programmed in any manner known in the
art. The functions of ecach unit may also be implemented, in whole or in part, with
instructions embodied in a memory, formatted to be executed by one or more general or

application-specific processors.

[0124] In some cxamples, the receiver module 1110-a may be an cxample of the
receiver module 1110 of FIG. 11A. The receiver module 1110-a may be or include a
radio frequency (RF) receiver, such as an RF receiver operable to receive transmissions
on two or more hierarchical layers (c.g., through legacy LTE subframes and burst
subframes). The RF receiver, in some examples, may include separate receivers for the
first and second hierarchical layers. In other examples, the RF receiver may include a
single receiver, or a single receiver per transmit/receive chain, and a clock module 1180
of layer configuration module 1160 may be adapted to process received symbols having
different symbol durations. The receiver module 1110-a may be used to receive various
types of data and/or control signals (i.e., transmissions) over one or more

communication links of a wireless communications system including over two or more
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hierarchical layers, such as one or more communication links 125 of the wireless

communications system 100 described with reference to FIG. 1.

[0125] In some examples, the transmitter module 1130-a may be an example of the
transmitter module 1130 of FIG. 11A. The transmitter module 1130-a may be or
include a radio frequency (RF) transmitter, such as an RF transmitter operable to
transmit on two or more hierarchical layers (e.g., through legacy LTE subframes and
burst subframes). The RF transmitter 1130-a, in some examples, may include separate
transmitters for the first and second hierarchical layers. In other examples, the RF
transmitter may include a single transmitter, or a single transmitter per transmit/receive
chain, and a clock module 1180 of layer configuration module 1160 may be adapted to
generate symbols having different symbol durations. The transmitter module 1130-a
may be used to receive various types of data and/or control signals (i.e., transmissions)
over one or more communication links of a wireless communications system including
over two or more hierarchical layers, such as one or more communication links 125 of

the wireless communications system 100 described with reference to FIG. 1.

[0126] The layer configuration module 1160 may be an example of the layer
configuration module 1120 described with reference to FIG. 11A and may include a
first layer configuration module 1170, a burst mode module 1175, clock module 1180,
and optional scalable bandwidth module 1185. Each of these components may be in

communication with each other.

[0127] In some examples, the first layer configuration module 1170 may perform
configuration for the device 1155 to operate in the first hierarchical layer and perform at
least some functions for device operation in the first hierarchical layer, such as
described above with respect to FIGS. 1-10, for example. In some examples, the first
layer configuration module 1170, in conjunction with the transmitter module 1130-a or
the receiver module 1110-a, may communicate (e.g., transmit or receive) a signal in a
symbol of one region, where the signal is indicative of a symbol duration of another
region. The burst mode module 1175 may configure for the device 1155 to operate in
the second hierarchical layer and perform at least some functions for device operation in
the second hierarchical layer, such as described above with respect to FIGS. 1-10, for

example. The clock module 1180 may perform clock adaptation to allow a clock to be
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adapted in order to enable generation of symbols, and processing of received symbols,
having different symbol durations, such as described above with respect to FIGS. 1-10,
for example. In some examples, the clock module 1180 may adjust or identify a time
duration or periodicity of a carrier region configured with a particular symbol duration.
Scalable bandwidth module 1185 may perform bandwidth scaling in examples that may
utilize carrier aggregation to transmit/receive multiple component carriers for legacy
subframes and utilize scaled bandwidth on a single component carrier for burst
subframes, such as described above with respect to FIGS. 1 and 7-10, for example.
Additionally or alternatively, scalable bandwidth module 1185 may adjust or identify
(e.g., based on a latency requirement) bandwidth of a carrier region configured with a
particular symbol duration. In some examples, the region configuration module 1190
may configure or identify one or several regions of a carrier with different symbol
durations, where the various regions may be TDM or FDM. The region configuration
module 1190, in conjunction with the first layer configuration module 1170, may

configure or identify a guard band between regions having different symbol durations.

[0128] FIG. 12 is a block diagram conceptually illustrating a design of an ¢NB, in
accordance with aspccts of the present disclosure, configured for hicrarchical
communications within a wircless communications system. In cxamples, the eNB 105-
d may be an cxamplc of onc or more aspects of the access points, cNBs, or devices 105,
1105, and/or 1155 described with reference to FIG. 1, 7 and/or 11. The eNB 105-d may
be configured to implement at least some of the hierarchical communications features
and functions described with respect to FIGS. 1-10. The eNB105-d may include a
processor module 1210, a memory module 1220, at least one transceiver module
(represented by transceiver module(s) 1255), at least one antenna (represented by
antenna(s) 1260), and/or an eNB LTE layer configuration module 1270. The eNB 105-
d may also include one or both of an eNB communications module 1230 and a network
communications module 1240. Each of these components may be in communication

with each other, directly or indirectly, over one or more buses 1235.

[0129] The memory module 1220 may include random access memory (RAM) and/or
read-only memory (ROM). The memory module 1220 may store computer-readable,
computer-executable software (SW) code 1225 containing instructions that are

configured to, when executed, cause the processor module 1210 to perform various
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functions described herein for hierarchical communications in two or more layers,
including the transmission and/or reception of burst subframes having relatively low
latency, such as described above. In some examples, the SW code 1225 may include
instructions that are configured to cause the processor module 1210 to configured a
carrier with a first region having a first symbol duration and a second region having a
second symbol duration, where the first and second symbol durations are different—
e.g., the first symbol duration may be longer than the second symbol duration.
Alternatively, the software code 1225 may not be directly executable by the processor
module 1210 but be configured to cause the eNB 105-d, e.g., when compiled and

executed, to perform various of the functions described herein.

[0130] The processor module 1210 may include an intelligent hardware device, e.g., a
central processing unit (CPU), a microcontroller, an ASIC, etc. The processor module
1210 may process information received through the transceiver module(s) 1255, the
base station communications module 1230, and/or the network communications module
1240. The processor module 1210 may also process information to be sent to the
transceiver module(s) 1255 for transmission through the antenna(s) 1260, to the ¢NB
communications module 1230 for transmission to on¢ or more other base stations or
¢NBs 105-n and 105-m, and/or to thc¢ nctwork communications module 1240 for
transmission to a corc nctwork 130-a, which may be an cxample of aspects of the core
network 130 described with reference to FIG. 1. The processor module 1210 may
handle, alone or in connection with the eNB layer configuration module 1270, various
aspects of hierarchical communications in two or more hierarchical layers, such as

described above with respect to FIGS. 1-10.

[0131] The transceiver module(s) 1255 may include a modem configured to modulate
the packets and provide the modulated packets to the antenna(s) 1260 for transmission,
and to demodulate packets received from the antenna(s) 1260. The transceiver
module(s) 1255 may be implemented as one or more transmitter modules and one or
more separate receiver modules. The transceiver module(s) 1255 may support
communications in two or more hierarchical layers (e.g., through legacy LTE subframes
and burst subframes), or may support communications with regions of different symbol
durations that are TDM or FDM. The transceiver module(s) 1255 may be configured to

communicate bi-directionally, via the antenna(s) 1260, with one or more of the UEs or
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devices 115, 1105 and/or 1155 described with reference to FIG. 1, 7 and/or 11, for
example. The eNB 105-d may include multiple antennas 1260 (e.g., an antenna array).
The eNB 105-d may communicate with the core network 130-a through the network
communications module 1240. The eNB 105-d may communicate with other access
points or eNBs, such as the eNB 105-n and/or 105-m, using the eNB communications

module 1230.

[0132] According to the architecture of FIG. 12, the eNB 105-d may further include a
communications management module 1250. The communications management module
1250 may manage communications with other base stations, eNBs, and/or devices. The
communications management module 1250 may be in communication with some or all
of the other components of the eNB 105-d via the bus or buses 1235. Alternatively,
functionality of the communications management module 1250 may be implemented as
a component of the transceiver module(s) 1255, as a computer program product, and/or

as one or more controller elements of the processor module 1210.

[0133] The eNB layer configuration module 1270 may be configured to perform
and/or control some or all of the eNB hierarchical communications functions or aspects
described with reference to FIGS. 1-10. For example, the eNB layer configuration
module 1270 may be configured to support communications on one or more hierarchical
layers of a wireless communications system having multiple hierarchical layers, such as
through transmission/reception of burst subframes; and the ¢NB layer configuration
module 1270 may be configured to support a wircless communications system in which
several regions of a carrier having different symbol duration coexist The eNB layer
configuration module 1270 may include an eNB first layer configuration module 1280
to configure the eNB 105-d for communications in a wircless communication system
having multiple hierarchical layers or to signal, in a symbol of one region, a symbol
duration of another region, an eNB burst mode module 1285 configured to perform
functions related to the transmission and reception of burst subframes, eNB clock
module 1290 configured to provide clock adaptation or to adjust a time duration or
periodicity of a carrier region based on symbol duration, eNB scalable bandwidth
module 1295 configured to perform bandwidth scaling across multiple subcarriers or to
adjust bandwidth of a carrier region configured with a particular symbol duration, and

eNB region configuration module 1297 to configured one or several regions of a carrier
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with different symbol durations or guard bands. The eNB layer configuration module
1270 may be an example of similar modules (e.g., modules 1120 and 1160) described
with reference to FIGS. 11A and/or 11B. The eNB layer configuration module 1270, or
portions of it, may include a processor and/or some or all of the functionality of the eNB
layer configuration module 1270 may be performed by the processor module 1210

and/or in connection with the processor module 1210.

[0134] FIG. 13 is a block diagram 1300 conceptually illustrating a design of a UE, in
accordance with aspects of the present disclosure, configured for hierarchical
communications in a wireless communications system. The UE 115-d may have
various other configurations and may be included or be part of a personal computer
(e.g., laptop computer, netbook computer, tablet computer, etc.), a cellular telephone, a
PDA, a digital video recorder (DVR), an internet appliance, a gaming console, an e-
readers, etc. The UE 115-d may have an internal power supply (not shown), such as a
small battery, to facilitate mobile operation. In some examples, the UE 115-d may be
an example of one or more of the UEs or devices 115, 1105 and/or 1155 described with
reference to FIG. 1, 7, 11A and/or 11B. The UE 115-d may be configured to
communicate with onc or more of the access points, eNBs or devices 105, 1105 and/or

1155 described with reference to FIG. 1,7, 11A, 11B and/or 12.

[0135] The UE 115-d may include a proccssor module 1310, a memory module 1320,
at Icast onc transcciver module (represented by transceiver module(s) 1370), at Icast one
antenna (represented by antenna(s) 1380), and/or a UE layer configuration module
1340. Each of these components may be in communication with each other, directly or

indirectly, over one or more buses 1335.

[0136] The memory module 1320 may include RAM and/or ROM. The memory
module 1320 may store computer-readable, computer-executable software (SW) code
1325 containing instructions that are configured to, when executed, cause the processor
module 1310 to perform various functions described herein for hierarchical
communications or communications with regions of different symbol durations in a
wireless communication system. Alternatively, the software code 1325 may not be

directly executable by the processor module 1310 but be configured to cause the UE
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115-d (e.g., when compiled and executed) to perform various of the UE functions

described herein.

[0137] The processor module 1310 may include an intelligent hardware device, e.g., a
CPU, a microcontroller, an ASIC, etc. The processor module 1310 may process
information received through the transceiver module(s) 1370 and/or information to be
sent to the transceiver module(s) 1370 for transmission through the antenna(s) 1380.
The processor module 1310 may handle, alone or in connection with the UE layer
configuration module 1340, various aspects of hierarchical communications on one or
more hierarchical layers of a wireless communications system, including transmission
and reception of burst subframes, for example; and the processor module 1310, e.g., in
conjunction with the UE layer configuration module 1340, may identify and

communicate with one or several regions of a carrier having different symbol durations.

[0138] The transceiver module(s) 1370 may be configured to communicate bi-
directionally with eNBs. The transceiver module(s) 1370 may be implemented as one
or more transmitter modules and one or more separate receiver modules. The
transceiver module(s) 1370 may support communications on at least one layer of a
multiple hierarchical layer wireless communications system. The transceiver module(s)
1370 may include a modem configured to modulate the packets and provide the
modulated packets to the antenna(s) 1380 for transmission, and to demodulate packets
received from the antenna(s) 1380. While the UE 115-d may include a single antenna,

there may be examples in which the UE 115-d may include multiple antennas 1380.

[0139] According to the architecture of FIG. 13, the UE 115-d may further include a
communications management module 1330. The communications management module
1330 may manage communications with various base stations or eNBs. The
communications management module 1330 may be a component of the UE 115-d in
communication with some or all of the other components of the UE 115-d over the one
or more buses 1335. Alternatively, functionality of the communications management
module 1330 may be implemented as a component of the transceiver module(s) 1370, as
a computer program product, and/or as one or more controller elements of the processor

module 1310.
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[0140] The UE layer configuration module 1340 may be configured to perform and/or
control some or all of the UE hierarchical communications functions or aspects, or
communications with regions of different symbol durations that are TDM or FDM,
described in FIGS. 1-10 related to using communication on one or more hierarchical
layers in a wireless communications system having multiple hierarchical layers. For
example, the UE layer configuration module 1340 may be configured to process
received symbols and/or generate symbols that may be included in one or more burst
subframes. The UE layer configuration module 1340 may include a UE first layer
configuration module 1350 to configure the UE 115-d to operate in the wireless
communications system with multiple hierarchical layers or having regions configured
with different symbol durations, a UE burst mode module 1355 configured to handle
processing of received symbols from one or more burst subframes and/or generation of
burst mode symbols, UE clock module 1360 configured to provide clock adaptation
based on symbol duration or to identify a time duration or periodicity of a carrier region
having a particular symbol duration, UE scalable bandwidth module 1365 configured to
perform bandwidth scaling across multiple subcarricrs or to identify bandwidth of a
carricr region configured with a particular symbol duration, and UE region
configuration module 1367 to identify one or several regions of a carrier configured
with different symbol durations. The UE layer configuration module 1340, or portions
of it, may include a processor and/or some or all of the functionality of the UE layer
configuration module 1340 may be performed by the processor module 1310 and/or in

connection with the processor module 1310.

[0141] FIG. 14 is a block diagram 1400 conceptually illustrating a design of
transceiver module 1405, in accordance with aspects of the present disclosure. The
transceiver module 1405 may have various other configurations and may be included or
be part of a UE or device such as UEs or devices 115, 1105, and/or 1155 of FIGS. 1, 7,
11A, 11B, and/or 13. Transceiver module 1405 may also be included or be a part of an
access point or eNB, such as access points or eNBs 105 of FIGS. 1, 7, and/or 12. The
transceiver module 1405 may be an example of the transceiver module(s) 1255 and/or
1370 of FIGS. 12 and/or 13. The transceiver module 1405 may include multiple receive
chains 1410, including receive chain 0 1410-0 through receive chain n 1410-n, and

multiple transmit chains 1415, including transmit chain 0 1410-0 through transmit chain
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n 1410-n. Each of receive chains 1410-0 — 1410-n and transmit chains 1415-0 — 1415-n
may be coupled with an associated antenna 1412, namely antenna 0 1412-0 through
antenna n 1412-n, respectively. Receive chains 1410-0 — 1410-n may, respectively,
include RF modules 1420-0 through 1420-n, analog-to-digital converter (ADC) modules
1425-a through 1425-n, and fast Fourier transform (FFT) module 1430-0 through 1430-
n, and may be coupled with a demodulator 1435. Transmit chains 1415-0 — 1415-n may
include, respectively, RF modules 1450-0 through 1450-n, digital-to-analog converter
(DAC) modules 1455-0 through 1455-n, and inverse FFT (IFFT) modules 1460-0
through 1460-n, and may be coupled with a modulator 1440.

[0142] According to some examples, transceiver module 1405 may be configured to
operate in different hierarchical layers in a wireless communications system, and
components of the transmit and receive chains may be configured and adapted to
transmit and receive symbols having different symbol durations based on whether the
symbols are transmitted as part of a burst subframe or as part of a legacy subframe. In
some examples, clock module 1470 may be adapted to clock components at different
rates in order to gencratc symbols having different symbol durations, or receive and

process symbols having different symbol durations.

[0143] In examples that may utilize hierarchical layers with scalable bandwidth,
transmit and receive chains may be adapted to transmit/receive carriers having different
bandwidths based on whether a carrier is one of multiple component carriers, or a single
carrier having a bandwidth that is greater than the bandwidth of a legacy component
carrier. In some examples, multiple transmit and/or receive chains may be used to
transmit component carriers in a carrier aggregation transmission of legacy subframes.
In the event that one or more burst subframes are to be transmitted/received, one or
more of the transmit and/or receive chains may be disabled with one of the transmit
and/or receive chains remaining enabled to transmit/receive the signal component
carrier with scaled bandwidth. In some examples, FFT modules 1430 and IFFT
modules 1460 may have different FFT points based on the hierarchical layer of a
particular symbol. In some examples, legacy 20 MHz symbols may have a 2048 point
FFT, and burst 20 MHz symbols may have a 256 point FFT. In examples where burst
mode symbols may have scaled bandwidth, the FFT size may be increased accordingly

to, for example, a 2048 point FFT for a 160 MHz carrier bandwidth.
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[0144] Turning next to FIG. 15, a block diagram of a multiple-input multiple-output
(MIMO) communication system 1500 is shown including an eNB 105-¢ and a UE 115-
e. The eNB 105-¢ and the UE 115-¢ may support communications in a wireless
communications system having multiple hierarchical layers. The eNB 105-¢ may be an
example of one or more aspects of the access points, eNBs or devices 105, 1105, and/or
1155 described with reference to FIGS. 1, 7, 11A, 11B, and/or 12, while the UE 115-¢
may be an example of one or more aspects of the UEs or devices 115, 1105, and/or 1155
described with reference to FIGS. 1, 7, 11A, 11B, and/or 13. The system 1500 may
illustrate aspects of the wireless communications system 100 and/or 700 described with
reference to FIGS. 1 and/or 7, and may support hierarchical transmissions on multiple
hierarchical layers across different subsets of nodes during different time periods such

as described above with reference to FIGS. 1-14.

[0145] The eNB 105-¢ may be equipped with antennas 1534-0 through 1534-x, and
the UE 115-¢ may be equipped with antennas 1552-0 through 1552-n. In the system
1500, the eNB 105-¢ may be able to send data over multiple communication links at the
same time. Each communication link may be called a “layer” and the “rank™ of the
communication link may indicate the number of layers used for communication. For
cxample, in a 2x2 MIMO system where eNB 105-¢ transmits two “layers,” the rank of
the communication link between the eNB 105-¢ and the UE 115-¢ may be two.

[0146] At the eNB 105-¢, a transmit (Tx) processor 1520 may receive data from a
data source. The transmit processor 1520 may process the data. The transmit processor
1520 may also generate reference symbols and/or a cell-specific reference signal. A
transmit (Tx) MIMO processor 1530 may perform spatial processing (e.g., precoding)
on data symbols, control symbols, and/or reference symbols, if applicable, and may
provide output symbol streams to the transmit (Tx) modulators 1532-0 through 1532-x.
Each modulator 1532 may process a respective output symbol stream (e.g., for OFDM,
etc.) to obtain an output sample stream. Each modulator 1532 may further process (e.g.,
convert to analog, amplify, filter, and upconvert) the output sample stream to obtain a
downlink (DL) signal. In one example, DL signals from modulators 1532-0 through
1532-x may be transmitted via the antennas 1534-0 through 1534-x, respectively.
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[0147] At the UE 115-¢, the antennas 1552-0 through 1552-n may receive the DL
signals from the eNB 105-¢ and may provide the received signals to the receive (Rx)
demodulators 1554-0 through 1554-n, respectively. Each demodulator 1554 may
condition (e.g., filter, amplify, downconvert, and digitize) a respective received signal to
obtain input samples. Each demodulator 1554 may further process the input samples
(e.g., for OFDM, etc.) to obtain received symbols. A MIMO detector 1556 may obtain
received symbols from all the demodulators 1554-0 through 1554-n, perform MIMO
detection on the received symbols if applicable, and provide detected symbols. A
receive (Rx) processor 1558 may process (e.g., demodulate, deinterleave, and decode)
the detected symbols, providing decoded data for the UE 115-¢ to a data output, and
provide decoded control information to a processor 1580, or memory 1582, The
processor 1580 may include a module or function 1581 that may perform various
functions related to hierarchical transmissions on multiple hierarchical layers in a
wireless communications system. For example, the module or function 1581 may
perform some or all of the functions of the layer configuration module 1120 or 1160
described with reference to FIG. 11A or 11B, and/or of the eNB layer configuration
module 1270 described with reference to FIG. 12.

[0148] On the uplink (UL), at the UE 115-¢, a transmit (Tx) processor 1564 may
receive and process data from a data source. The transmit processor 1564 may also
generate reference symbols for a reference signal. The symbols from the transmit
processor 1564 may be precoded by a transmit (Tx) MIMO processor 1566 if
applicable, further processed by the transmit (Tx) modulators 1554-0 through 1554-n
(c.g., for SC-FDMA, etc.), and be transmitted to the eNB 105-¢ in accordance with the
transmission parameters received from the eNB 105-e. At the eNB 105-¢, the UL
signals from the UE 115-¢ may be received by the antennas 1534, processed by the
receiver (Rx) demodulators 1532, detected by a MIMO detector 1536 if applicable, and
further processed by a receive (Rx) processor 1538. The receive processor 1538 may
provide decoded data to a data output and to the processor 1540. The processor 1540
may include a module or function 1541 that may perform various aspects related to
hierarchical transmissions on multiple hierarchical layers in a wireless communications
system. For example, the module or function 1541 may perform some or all of the

functions of the layer configuration module 1120 or 1160 described with reference to
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FIG. 11A or 11B, and/or of the UE layer configuration module 1340 described with
reference to FIG. 13.

[0149] The components of the eNB 105-¢ may, individually or collectively, be
implemented with one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Each of the noted modules may be a means for performing one
or more functions related to operation of the system 1500. Similarly, the components of
the UE 115-¢ may, individually or collectively, be implemented with one or more
ASICs adapted to perform some or all of the applicable functions in hardware. Each of
the noted components may be a means for performing one or more functions related to

operation of the system 1500.

[0150] In one configuration, the eNB 105-¢ includes means for configuring to operate
within a wireless communications system that is partially defined through a first layer
having first layer transmissions that have a first subframe type having a first round trip
time (RTT) between transmission and acknowledgment of receipt of the transmission,
and means for operating at a second layer multiplexed with the first layer, the second
layer transmissions having a second subframe type having a second RTT that is less
than the first RTT. In one aspect, the aforementioned means may be the eNB
controller/processor 1540, the eNB memory 1542, the ¢eNB transmit processor 1520,
eNB rcceiver processor 1538, the ¢NB modulators/demodulators 1532, and the ¢NB
antcnnas 1534 of the ¢NB 105-¢ configured to perform the functions recited by the
aforementioned means. In configurations, the UE 115-¢ includes means for configuring
to operate within a wireless communications system that is partially defined through a
first layer having first layer transmissions that have a first subframe type having a first
round trip time (RTT) between transmission and acknowledgment of receipt of the
transmission, and means for operating at a second layer multiplexed with the first layer,
the second layer transmissions having a second subframe type having a second RTT that
is less than the first RTT.  The aforementioned means may be the UE
controller/processor 1580, the UE memory 1582, the UE transmit processor 1564, UE
receiver processor 1558, the UE modulators/demodulators 1554, and the UE antennas
1552 of the UE 115-¢ configured to perform the functions recited by the aforementioned

means.
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[0151] In another configuration, the eNB 105-¢ includes means for concurrently
transmitting, in a frame, one or more subframes having a first subframe type using two
or more separate carriers, at least one of the carriers having a first bandwidth, and means
for transmitting, in the frame, a subframe of a second subframe type using one carrier
having a second bandwidth, the second bandwidth being greater than the first
bandwidth. In one aspect, the aforementioned means may be the eNB
controller/processor 1540, the eNB memory 1542, the eNB transmit processor 1520,
eNB receiver processor 1538, the eNB modulators/demodulators 1532, and the eNB
antennas 1534 of the eNB 105-¢ configured to perform the functions recited by the
aforementioned means. In configurations, the UE 115-¢ includes means for
concurrently transmitting, in a frame, one or more subframes having a first subframe
type using two or more separate carriers, at least one of the carriers having a first
bandwidth, and means for transmitting, in the frame, a subframe of a second subframe
type using one carrier having a second bandwidth, the second bandwidth being greater
than the first bandwidth. The aforementioned means may be the UE
controller/processor 1580, the UE memory 1582, the UE transmit processor 1564, UE
receiver processor 1558, the UE modulators/demodulators 1554, and the UE antennas
1552 of the UE 115-¢ configured to perform the functions recited by the aforementioned

means.

[0152] FIG. 16 is a flowchart conceptually illustrating an example of a method of
wireless communication, in accordance with aspects of the present disclosure. For
clarity, the method 1600 is described below with reference to ones of the access points,
eNBs, UEs, or devices 105, 115, 1105, and/or 1155 described with reference to FIGS. 1,
7, 11A, 11B, 12, 13, and/or 15. In one example, an eNB, UE, or device may execute
one or more sets of codes to control the functional elements of the eNB, UE, or device

to perform the functions described below.

[0153] At block 1605, an eNB, UE, and/or device may be configured to operate
within a wireless communications system, the system partially defined through a first
layer with first layer transmissions having a first subframe type having a first RTT
between transmission and acknowledgment of receipt of the transmission. The
operation(s) at block 1605 may in some cases be performed using the layer

configuration module 1120 and/or 1160 described with reference to FIGS. 11A and/or
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11B, the eNB layer configuration module 1270 described with reference to FIG. 12, the
UE layer configuration module 1340 described with reference to FIG. 13, the processor
1580 and/or the processor 1540 and related components described with reference to

FIG. 15.

[0154] At block 1610, the eNB, UE, and/or device may operate at a second layer
multiplexed with the first layer, second layer transmissions having a second subframe
type having a second RTT that is less than the first RTT. The operation(s) at block
1610 may in some cases be performed using layer configuration module 1120 and/or
1160 in conjunction with receiver modules 1110 and transmitter modules 1130,
described with reference to FIGS. 11A and/or 11B, the eNB layer configuration module
1270 in conjunction with transceiver module(s) 1255 and antenna(s) 1260, described
with reference to FIG. 12, the UE layer configuration module 1340 in conjunction with
transceiver module(s) 1370 and antenna(s) 1380, described with reference to FIG. 13,
the processor 1580 and/or the processor 1540 and related components described with

reference to FIG. 15.

[0155] Thus, the method 1600 may provide for wireless communications in different
hierarchical layers in which RTTs for the second layer are shorter than RTTs for the
first layer, and may thus provide a second layer with enhanced TCP segment error rates
and thereby enhanced data transfer rates. It should be noted that the method 1600 is just
onc implementation and that the operations of the method 1600 may be rearranged or

otherwise modified such that other implementations are possible.

[0156] FIG. 17 is a flowchart conceptually illustrating an example of a method of
wireless communication, in accordance with aspects of the present disclosure. For
clarity, the method 1700 is described below with reference to ones of the access points,
eNBs, UEs, or devices 105, 115, 1105, and/or 1155 described with reference to FIGS. 1,
7, 11A, 11B, 12, 13, and/or 15. In one example, an eNB, UE, or device may execute
one or more sets of codes to control the functional elements of the eNB, UE, or device

to perform the functions described below.

[0157] At block 1705, an eNB, UE, and/or device may configure a first layer
operation with first layer transmissions having a first subframe type having a first RTT

between transmission and acknowledgment of receipt of the transmission. The
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operation(s) at block 1705 may in some cases be performed using the layer
configuration module 1120 and/or 1160 in conjunction with first layer configuration
module 1170 described with reference to FIGS. 11A and/or 11B, the eNB layer
configuration module 1270 in conjunction with eNB first layer configuration module
1280 described with reference to FIG. 12, the UE layer configuration module 1340 in
conjunction with UE first layer configuration module 1350 described with reference to
FIG. 13, the processor 1580 and/or the processor 1540 and related components

described with reference to FIG. 15.

[0158] At block 1710, the eNB, UE, and/or device may configure second layer
operation with second layer transmissions having a second subframe type having a
second RTT that is less than the first RTT. The operation(s) at block 1710 may in some
cases be performed using layer configuration module 1120 and/or 1160 in conjunction
with burst mode module 1175 described with reference to FIGS. 11A and/or 11B, the
eNB layer configuration module 1270 in conjunction with eNB burst mode module
1285 described with reference to FIG. 12, the UE layer configuration module 1340 in
conjunction with UE burst mode module 1355 described with reference to FIG. 13, the
processor 1580 and/or the proccssor 1540 and related components described with

reference to F1G. 15.

[0159] At block 1715, the ¢NB, UE, and/or dcvice may transmit onc or morc
subframes having the first subframe type. The operation(s) at block 1715 may in some
cases be performed using layer configuration module 1120 and/or 1160 in conjunction
with first layer configuration module 1170 and transmitter modules 1130, described
with reference to FIGS. 11A and/or 11B, the eNB layer configuration module 1270 in
conjunction with eNB first layer configuration module 1280, transceiver module(s)
1255 and antenna(s) 1260, described with reference to FIG. 12, the UE layer
configuration module 1340 in conjunction with UE first layer configuration module
1350, transceiver module(s) 1370 and antenna(s) 1380, described with reference to FIG.
13, the processor 1580 and/or the processor 1540 and related components described

with reference to FIG. 15.

[0160] At block 1720, the eNB, UE, and/or device may transmit one or more

subframes having the second subframe type that are time division multiplexed with the
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one or more subframes of the first subframe type. The operation(s) at block 1720 may
in some cases be performed using layer configuration module 1120 and/or 1160 in
conjunction with burst mode module 1175 and transmitter modules 1130, described
with reference to FIGS. 11A and/or 11B, the eNB layer configuration module 1270 in
conjunction with eNB burst mode module 1285, transceiver module(s) 1255, and
antenna(s) 1260, described with reference to FIG. 12, the UE layer configuration
module 1340 in conjunction with UE burst mode module 1355, transceiver module(s)
1370, and antenna(s) 1380, described with reference to FIG. 13, the processor 1580

and/or the processor 1540 and related components described with reference to FIG. 15.

[0161] Thus, the method 1700 may provide for wireless communications in different
hierarchical layers in which RTTs for the second layer are shorter than RTTs for the
first layer, and may thus provide a second layer with enhanced TCP segment error rates
and thereby enhanced data transfer rates. It should be noted that the method 1700 is just
one implementation and that the operations of the method 1700 may be rearranged or

otherwise modified such that other implementations are possible.

[0162] FIG. 18 is a flowchart conceptually illustrating an example of a method of
wireless communication, in accordance with aspects of the present disclosure. For
clarity, the method 1800 is described below with reference to ones of the access points,
¢NBs, UEs, or devices 105, 115, 1105, and/or 1155 described with reference to FIGS. 1,
7, 11A, 11B, 12, 13, and/or 15. In onc cxample, an ¢cNB, UE, or device may cxccute
one or more sets of codes to control the functional clements of the eNB, UE, or device

to perform the functions described below.

[0163] At block 1805, an eNB, UE, and/or device may configure a first layer
operation with first layer transmissions having a first subframe type having a first RTT
between transmission and acknowledgment of receipt of the transmission. The
operation(s) at block 1805 may in some cases be performed using the layer
configuration module 1120 and/or 1160 in conjunction with first layer configuration
module 1170 described with reference to FIGS. 11A and/or 11B, the eNB layer
configuration module 1270 in conjunction with eNB first layer configuration module
1280 described with reference to FIG. 12, the UE layer configuration module 1340 in

conjunction with UE first layer configuration module 1350 described with reference to
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FIG. 13, the processor 1580 and/or the processor 1540 and related components
described with reference to FIG. 15.

[0164] At block 1810, the eNB, UE, and/or device may configure second layer
operation with second layer transmissions having a second subframe type having a
second RTT that is less than the first RTT. The operation(s) at block 1810 may in some
cases be performed using layer configuration module 1120 and/or 1160 in conjunction
with burst mode module 1175 described with reference to FIGS. 11A and/or 11B, the
eNB layer configuration module 1270 in conjunction with eNB burst mode module
1285 described with reference to FIG. 12, the UE layer configuration module 1340 in
conjunction with UE burst mode module 1355 described with reference to FIG. 13, the
processor 1580 and/or the processor 1540 and related components described with

reference to FIG. 15.

[0165] At block 1815, the eNB, UE, and/or device may transmit data in a subframe of
the second subframe type. The operation(s) at block 1815 may in some cases be
performed using layer configuration module 1120 and/or 1160 in conjunction with burst
mode module 1175 and transmitter modules 1130, described with reference to FIGS.
11A and/or 11B, the eNB layer configuration module 1270 in conjunction with eNB
burst mode module 1285, transceiver module(s) 1255, and antenna(s) 1260, described
with reference to FIG. 12, the UE layer configuration module 1340 in conjunction with
UE burst mode modulc 1355, transcciver module(s) 1370, and antenna(s) 1380,
described with reference to FIG. 13, the processor 1580 and/or the processor 1540 and

related components described with reference to FIG. 15.

[0166] At block 1820, the eNB, UE, and/or device may receive acknowledgment of
receipt of the transmission within the subframe of the second subframe type. The
operation(s) at block 1820 may in some cases be performed using layer configuration
module 1120 and/or 1160 in conjunction with burst mode module 1175 and receiver
modules 1110, described with reference to FIGS. 11A and/or 11B, the eNB layer
configuration module 1270 in conjunction with eNB burst mode module 1285,
transceiver module(s) 1255, and antenna(s) 1260, described with reference to FIG. 12,
the UE layer configuration module 1340 in conjunction with UE burst mode module

1355, transceiver module(s) 1370, and antenna(s) 1380, described with reference to
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FIG. 13, the processor 1580 and/or the processor 1540 and related components
described with reference to FIG. 15.

[0167] Thus, the method 1800 may provide for wireless communications in different
hierarchical layers in which acknowledgment of receipt of the a transmission may be
received within a same subframe as the transmission. It should be noted that the method
1800 is just one implementation and that the operations of the method 1800 may be

rearranged or otherwise modified such that other implementations are possible.

[0168] FIG. 19 is a flowchart conceptually illustrating an example of a method of
wireless communication, in accordance with aspects of the present disclosure. For
clarity, the method 1900 is described below with reference to ones of the access points,
eNBs, UEs, or devices 105, 115, 1105, and/or 1155 described with reference to FIGS. 1,
7, 11A, 11B, 12, 13, and/or 15. In one example, an eNB, UE, or device may execute
one or more sets of codes to control the functional elements of the eNB, UE, or device

to perform the functions described below.

[0169] At block 1905, an eNB, UE, and/or device may concurrently transmit, in a
frame, one or more subframes having a first subframe type using two or more separate
carriers, at least one of the carriers having a first bandwidth. The operation(s) at block
1905 may in some cases be performed using the layer configuration module 1120 and/or
1160 in conjunction with scalable bandwidth module 1185 and transmitter modules
1130 described with reference to FIGS. 11A and/or 11B, the ¢NB layer configuration
module 1270 in conjunction with ¢NB scalable bandwidth module 1295, transcciver
module(s) 1255, and antenna(s) 1260, described with reference to FIG. 12, the UE layer
configuration module 1340 in conjunction with UE scalable bandwidth configuration
module 1365, transceiver module(s) 1370, and antenna(s) 1380, described with
reference to FIG. 13, the processor 1580 and/or the processor 1540 and related

components described with reference to FIG. 15.

[0170] At block 1910, the eNB, UE, and/or device may transmit, in the frame, a
subframe of a second subframe type using one carrier having a second bandwidth, the
second bandwidth being greater than the first bandwidth. The operation(s) at block
1910 may in some cases be performed using the layer configuration module 1120 and/or

1160 in conjunction with scalable bandwidth module 1185 and transmitter modules
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1130 described with reference to FIGS. 11A and/or 11B, the eNB layer configuration
module 1270 in conjunction with eNB scalable bandwidth module 1295, transceiver
module(s) 1255, and antenna(s) 1260, described with reference to FIG. 12, the UE layer
configuration module 1340 in conjunction with UE scalable bandwidth configuration
module 1365, transceiver module(s) 1370, and antenna(s) 1380, described with
reference to FIG. 13, the processor 1580 and/or the processor 1540 and related

components described with reference to FIG. 15.

[0171] Thus, the method 1900 may provide for wircless communications that may
utilize scalable bandwidth in different hierarchical layers. It should be noted that the
method 1900 is just one implementation and that the operations of the method 1900 may

be rearranged or otherwise modified such that other implementations are possible.

[0172] FIG. 20 is a flowchart conceptually illustrating an example of a method of
wireless communication, in accordance with aspects of the present disclosure. For
clarity, the method 2000 is described below with reference to ones of the access points,
eNBs, UEs, or devices 105, 115, 1105, and/or 1155 described with reference to FIGs. 1,
7, 11A, 11B, 12, 13, and/or 15. In one example, an ¢eNB may execute one or more sets
of codes to control the functional eclements of the eNB to perform the functions

described below.

[0173] At block 2005, the ¢NB may configure a carrier with a first region having a
first symbol duration and a sccond region having a sccond symbol duration different
from the first symbol duration, the first and second regions being TDM or FDM. In
some examples, second symbol duration is shorter than the first symbol duration. The
operation(s) at block 2005 may in some cases be performed using the layer
configuration module 1120 and/or 1160 described with reference to FIGS. 11A and/or
11B, the eNB region configuration module 1297 described with reference to FIG. 12,

and/or the processor 1540 and related components described with reference to FIG. 15.

[0174] At block 2010, the eNB may communicate with a UE using the first or second
region according to a latency requirement of the UE. This may include transmitting a
signal in a symbol of the first region, where the signal is indicative of the second
symbol duration. The signal may be RRC signaling, a broadcast message, Layer 1

signaling, MAC layer signaling, or the like. The operation(s) at block 2010 may in
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some cases be performed using the receiver modules 1110 or 1110-a or transmitter
modules 1130 or 1130-a of FIGS. 11A or 11B, the transceiver modules 1255 of FIG. 12,

and/or the processor 1540 and related components FIG. 15.

[0175] In some examples, the method 1600 may also include adjusting a portion of
the carrier occupied by the second region based at least in part on the latency
requirement of the UE. This may include adjusting a time duration or periodicity of the
second region; or it may include adjusting a bandwidth of the second region. These
adjusting operations may be performed by the clock module 1180 or scalable bandwidth
module 1185 of FIG. 11B, or the eNB clock module 1290 or eNB scalable bandwidth
module 1295 of FIG. 12.

[0176] The method 2000 may also include configuring a guard band between the first
and second regions. Additionally or alternatively, the method 2000 may include
configuring a third region of the carrier with the second symbol duration. In various
examples, the first and second regions may be FDM, and the third region may be TDM
with the first and second regions. The operations of configuring the third region or the
guard band, or both, may be performed by the region configuration module 1190 of
FIG. 11B, eNB region configuration module 1297 of FIG. 12, or the processor 1540 and
related components of FIG. 15.

[0177] FIG. 21 is a flowchart conceptually illustrating an cxample of a method of
wircless communication, in accordance with aspects of the present disclosurc. For
clarity, the method 2100 is described below with reference to ones of the access points,
eNBs, UEs, or devices 105, 115, 1105, and/or 1155 described with reference to FIGs. 1,
7, 11A, 11B, 12, 13, and/or 15. In one example, a UE may execute one or more sets of
codes to control the functional elements of the UE to perform the functions described

below.

[0178] At block 2105, the UE may identify a first region having a first symbol
duration. The operation(s) at block 2105 may in some cases be performed using the
layer configuration module 1120 and/or 1160 described with reference to FIGS. 11A
and/or 11B, the UE region configuration module 1367 described with reference to FIG.

13, and/or the processor 1580 and related components described with reference to FIG.

15.



CA 02930862 2016-05-16

WO 2015/099889 PCT/US2014/064149

57

[0179] At block 2110, the UE may identify a second region having a second symbol
duration different from the first symbol duration, the first and second regions being
TDM or FDM. In some examples, second symbol duration is shorter than the first
symbol duration. The operation(s) at block 2105 may in some cases be performed using
the layer configuration module 1120 and/or 1160 described with reference to FIGS. 11A
and/or 11B, the UE region configuration module 1367 described with reference to FIG.
13, and/or the processor 1580 and related components described with reference to FIG.

15.

[0180] At block 2115, the UE may communicate with a base station using the first or
second region based at least in part on a latency requirement.  This may include
receiving a signal in a symbol of the first region, where the signal is indicative of the
second symbol duration. The signal may be RRC signaling, a broadcast message, Layer
1 signaling, MAC layer signaling, or the like. The operation(s) at block 2115 may in
some cases be performed using the receiver modules 1110 or 1110-a or transmitter
modules 1130 or 1130-a of FIGS. 11A or 11B, the transceiver modules 1370 of FIG. 12,

and/or the processor 1580 and related components FIG. 15.

[0181] In some examples, the method 2100 may also include identifying a guard band
between the first and second regions. Additionally or alternatively, the method 2100
may include identifying a third region of the carrier with the second symbol duration.
In various examples, the first and second regions may be FDM, and the third region
may be TDM with the first and second regions. The operations of identifying the third
region or the guard band, or both, may be performed by the region configuration module
1190 of FIG. 11B, UE region configuration module 1367 of FIG. 13, or the processor
1580 and related components of FIG. 15.

[0182] The detailed description set forth above in connection with the appended
drawings describes exemplary embodiments and does not represent the only examples
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 examples.” The
detailed description includes specific details for the purpose of providing an

understanding of the described techniques. These techniques, however, may be
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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 examples.

[0183] 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.

[0184] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
digital signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (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, 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.

[0185] The functions described hercin may be implemented in hardware, software
cxccuted by a processor, firmware, or any combination thercof. 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. Also, as used herein,

including in the claims, “or” as used in a list of items prefaced by “at least one of”
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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).

[0186] 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, 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 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 wircless technologics
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.

[0187] 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 spirit or scope of
the disclosure. Throughout this disclosure the term “example” or "exemplary" indicates
an example or instance and does not imply or require any preference for the noted
example. Thus, the disclosure is not to be limited to the examples and designs
described herein but is to be accorded the widest scope consistent with the principles

and novel features disclosed herein.
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CLAIMS:
1. A method of wireless communication, comprising:

configuring a single frame structure of a single carrier with a first region
having a first symbol duration and a second region having a second symbol duration different
from the first symbol duration, wherein the first and second regions of the single frame
structure of the single carrier are time-division multiplexed (TDM) or frequency-division
multiplexed (FDM), wherein the first region includes a control channel and a shared channel,
and the second region includes a control channel and a shared channel, and wherein the
second region includes both downlink symbols and uplink symbols, and wherein the second

symbol duration is configurable; and

communicating with a user equipment (UE) using the first or second region of

the single frame structure of the single carrier.
2. The method of claim 1, further comprising:

adjusting a portion of the single frame structure of the single carrier occupied

by the second region based at least in part on a latency requirement of the UE.

3. The method of claim 2, wherein the first and second regions are TDM, and
wherein adjusting the portion of the single frame structure of the single carrier occupied by

the second region comprises:
adjusting a time duration or periodicity of the second region.

4. The method of claim 2, wherein the first and second regions are FDM, and
wherein adjusting the portion of the single frame structure of the single carrier occupied by

the second region comprises:
adjusting a bandwidth of the second region.

5. The method of claim 4, further comprising:
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configuring a guard band between the first and second regions.

6. The method of claim 1, wherein configuring the single frame structure of the

single carrier comprises:

transmitting a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer | signaling, or a media access control (MAC) layer

signaling.
7. The method of claim 1, further comprising:

configuring a third region of the single frame structure of the single carrier, the
third region having the second symbol duration, wherein the first and second regions are

FDM, and wherein the third region is TDM with the first and second regions.
8. The method of claim 7, further comprising:
configuring a guard band between the first and second regions.

9. The method of claim 1, wherein the second symbol duration is shorter than the

first symbol duration.

10. The method of claim 1, wherein the shared channel of the first region
comprises a first physical downlink shared channel (PDSCH), and the control channel of the
first region comprises a first physical downlink control channel (PDCCH); and

wherein the shared channel of the second region comprises a second physical
downlink shared channel (PDSCH), and the control channel of the second region comprises a

second physical downlink control channel (PDCCH).

11. The method of claim 1, wherein the first region has a first bandwidth and

wherein the second region has a second bandwidth different from the first bandwidth.

12. A method of wireless communication, comprising:
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identifying a first region of a single frame structure of a single carrier, the first

region having a first symbol duration;

identifying a second region of the single frame structure of the single carrier,
the second region having a second symbol duration different from the first symbol duration,
wherein the first and second regions of the single frame structure of the single carrier are
time-division multiplexed (TDM) or frequency-division multiplexed (FDM), wherein the first
region includes a control channel and a shared channel, and the second region includes a
control channel and a shared channel, and wherein the second region includes both downlink

symbols and uplink symbols, and wherein the second symbol duration is configurable; and

communicating with a base station using the first or second region of the single

frame structure of the single carrier.

13. The method of claim 12, wherein the first and second regions are FDM, and

wherein the method further comprises:
identifying a guard band between the first and second regions.

14. The method of claim 12, wherein identifying the second region of the single

frame structure of the single carrier comprises:

receiving a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer 1 signaling, or a media access control (MAC) layer

signaling.
15. The method of claim 12, further comprising:

identifying a third region of the single frame structure of the single carrier, the
third region having the second symbol duration, wherein the first and second regions are FDM

and wherein the third region is TDM with the first and second regions.

16. The method of claim 15, further comprising:
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identifying a guard band between the first and second regions.

17. The method of claim 12, wherein the second symbol duration is shorter than

the first symbol duration.

18. The method of claim 12, wherein the first region has a 15 kHz subcarrier

spacing, and the second region has a 60 kHz or 120 kHz subcarrier spacing.

19. The method of claim 12, wherein the first region is a first subframe of the
single frame structure, and the second region is a second subframe of the single frame

structure that is different than the first subframe;

wherein the first subframe comprises a first number of orthogonal frequency
division multiplexing (OFDM) symbols, and the second subframe comprises a second number

of OFDM symbols that is different from the first number of OFDM symbols; and

wherein each of the OFDM symbols in the first subframe have the first symbol
duration, and each of the OFDM symbols in the second subframe have the second symbol

duration that is different than the first symbol duration.

20. The method of claim 12, wherein the first region has a first bandwidth and

wherein the second region has a second bandwidth different from the first bandwidth.
21. An apparatus for wireless communication, comprising:

a processor;

memory in electronic communication with the processor; and

instructions stored in the memory, the instructions executable by the processor

to cause the apparatus to:

configure a single frame structure of a single carrier with a first region having a
first symbol duration and a second region having a second symbol duration different from the

first symbol duration, wherein the first and second regions of the single frame structure of the
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single carrier are time-division multiplexed (TDM) or frequency-division multiplexed (FDM),
wherein the first region includes a control channel and a shared channel, and the second
region includes a control channel and a shared channel, and wherein the second region
includes both downlink symbols and uplink symbols, and wherein the second symbol duration

is configurable; and

communicate with a user equipment (UE) using the first or second region of

the single frame structure of the single carrier.

22. The apparatus of claim 21, wherein the instructions are executable by the

processor to cause the apparatus to:

adjust a portion of the single frame structure of the single carrier occupied by

the second region based at least in part on a latency requirement of the UE.

23. The apparatus of claim 22, wherein the first and second regions are TDM, and

wherein the instructions are executable by the processor to cause the apparatus to:
adjust a time duration or periodicity of the second region.

24. The apparatus of claim 22, wherein the first and second regions are FDM, and

wherein the instructions are executable by the processor to cause the apparatus to:
adjust a bandwidth of the second region.

25. The apparatus of claim 24, wherein the instructions are executable by the

processor to cause the apparatus to:
configure a guard band between the first and second regions.

26. The apparatus of claim 21, wherein the instructions are executable by the

processor to cause the apparatus to:

transmit a signal in a symbol of the first region, the signal indicative of the

second symbol duration and comprising at least one of radio resource control (RRC)
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signaling, a broadcast message, Layer | signaling, or a media access control (MAC) layer

signaling.

27. The apparatus of claim 21, wherein the instructions are executable by the

processor to cause the apparatus to:

configure a third region of the single frame structure of the single carrier, the
third region having the second symbol duration, wherein the first and second regions are

FDM, and wherein the third region is TDM with the first and second regions.

28. The apparatus of claim 27, wherein the instructions are executable by the

processor to cause the apparatus to:
configure a guard band between the first and second regions.

29. The apparatus of claim 21, wherein the second symbol duration is shorter than

the first symbol duration.
30. An apparatus for wireless communication, comprising:
a processor;
memory in electronic communication with the processor; and

instructions stored in the memory, the instructions executable by the processor

to cause the apparatus to:

identify a first region of a single frame structure of a single carrier, the first

region having a first symbol duration;

identify a second region of the single frame structure of the single carrier, the
second region having a second symbol duration different from the first symbol duration,
wherein the first and second regions of the single frame structure of the single carrier are
time-division multiplexed (TDM) or frequency-division multiplexed (FDM), wherein the first

region includes a control channel and a shared channel, and the second region includes a
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control channel and a shared channel, and wherein the second region includes both downlink

symbols and uplink symbols, and wherein the second symbol duration is configurable; and

communicate with a base station using the first or second region of the single

frame structure of the single carrier.

31. The apparatus of claim 30, wherein the first and second regions are FDM, and

wherein the instructions are executable by the processor to cause the apparatus to:
identify a guard band between the first and second regions.

32. The apparatus of claim 30, wherein the instructions are executable by the

processor to cause the apparatus to:

receive a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer | signaling, or a media access control (MAC) layer

signaling.

33. The apparatus of claim 30, wherein the instructions are executable by the

processor to cause the apparatus to:

identify a third region of the single frame structure of the single carrier, the
third region having the second symbol duration, wherein the first and second regions are FDM

and wherein the third region is TDM with the first and second regions.

34. The apparatus of claim 33, wherein the instructions are executable by the

processor to cause the apparatus to:
identify a guard band between the first and second regions.

35. The apparatus of claim 30, wherein the second symbol duration is shorter than

the first symbol duration.

36. A method of wireless communication by a base station, comprising:
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configuring a carrier with a first region having a first symbol duration and a
second region having a second symbol duration different from the first symbol duration,
wherein the first and second regions are time division multiplexed (TDM) or frequency-
division multiplexed (FDM), wherein the first region includes a control channel and a shared
channel, and the second region includes a control channel and a shared channel, wherein the
second region includes both downlink symbols and uplink symbols, and wherein the second

symbol duration is configurable; and

communicating with a user equipment (UE) by the base station using the first

region or the second region of the carrier.
37. The method of claim 36, further comprising:

adjusting a portion of the carrier occupied by the second region based at least

in part on a latency requirement of the UE.

38. The method of claim 37, wherein adjusting the portion of the carrier occupied

by the second region comprises:
adjusting a bandwidth of the second region.
39. The method of claim 36, wherein configuring the carrier comprises:

transmitting a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer | signaling, or a media access control (MAC) layer

signaling.

40. The method of claim 36, wherein the shared channel of the first region
comprises a first physical downlink shared channel (PDSCH), and the control channel of the
first region comprises a first physical downlink control channel (PDCCH); and

wherein the shared channel of the second region comprises a second
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physical downlink shared channel (PDSCH), and the control channel of the second region
comprises a second physical downlink control channel (PDCCH).

41. The method of claim 36, wherein the first region comprises a first number of
orthogonal frequency division multiplexing (OFDM) symbols, and the second region
comprises a second number of OFDM symbols that is different from the first number of

OFDM symbols; and

wherein each of the OFDM symbols in the first region have the first symbol
duration, and each of the OFDM symbols in the second region have the second symbol

duration that is different than the first symbol duration.

42. The method of claim 36, wherein the first region has a 15 kHz subcarrier

spacing, and the second region has a 60 kHz or 120 kHz subcarrier spacing.

43. The method of claim 36, wherein the first region has a first bandwidth and

wherein the second region has a second bandwidth different from the first bandwidth.

44. The method of claim 36, wherein a symbol associated with the first symbol
duration comprises an orthogonal frequency-division multiplexing (OFDM) symbol or a
single carrier frequency division multiplex (SC-FDM) symbol, and a symbol associated with

the second symbol duration comprises an OFDM symbol or a SC-FDM symbol.

45. The method of claim 36, wherein the second region has a shorter symbol
duration than the first region, and wherein communicating with the UE comprises
communicating with the UE using the second region based at least in part on a latency
requirement of the UE and that the second region serves lower latency traffic of the UE than

the first region due to the shorter symbol duration of the second region.
46. A method of wireless communication by a user equipment (UE), comprising:

identifying a first region of a carrier, the first region having a first symbol

duration, wherein the first region includes a control channel and a shared channel,
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identifying a second region of the carrier, the second region having a second
symbol duration different from the first symbol duration, wherein the first and second regions
are time division multiplexed (TDM) or frequency-division multiplexed (FDM), wherein the
second region includes a control channel and a shared channel, wherein the second region
includes both downlink symbols and uplink symbols, and wherein the second symbol duration

is configurable; and

communicating with a base station by the UE using the first region or the

second region of the carrier.

47. The method of claim 46, wherein identifying the second region of the carrier

comprises:

receiving a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer | signaling, or a media access control (MAC) layer

signaling.

48. The method of claim 46, wherein communicating with the base station
comprises using either the first region or the second region based at least in part on a latency
requirement of the UE and a difference in symbol duration between the first region and the

second region.

49. The method of claim 46, wherein the shared channel of the first region
comprises a first physical downlink shared channel (PDSCH), and the control channel of the
first region comprises a first physical downlink control channel (PDCCH); and

wherein the shared channel of the second region comprises a second physical
downlink shared channel (PDSCH), and the control channel of the second region comprises a

second physical downlink control channel (PDCCH).

50. The method of claim 46, wherein the first region has a 15 kHz subcarrier

spacing, and the second region has a 60 kHz or 120 kHz subcarrier spacing.
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51. The method of claim 46, wherein the first region comprises a first number of
orthogonal frequency division multiplexing (OFDM) symbols, and the second region
comprises a second number of OFDM symbols that is different from the first number of

OFDM symbols; and

wherein each of the OFDM symbols in the first region have the first symbol
duration, and each of the OFDM symbols in the second region have the second symbol

duration that is different than the first symbol duration.

52. The method of claim 46, wherein the first region has a first bandwidth and

wherein the second region has a second bandwidth different from the first bandwidth.

53. The method of claim 46, wherein a symbol associated with the first symbol
duration comprises an orthogonal frequency-division multiplexing (OFDM) symbol or a
single carrier frequency division multiplex (SC-FDM) symbol, and a symbol associated with

the second symbol duration comprises an OFDM symbol or a SC-FDM symbol.

54. The method of claim 46, wherein the second region has a shorter symbol
duration than the first region, and wherein communicating with the base station comprises
communicating with the base station using the second region based at least in part on a
latency requirement of the UE and that the second region serves lower latency traffic of the

UE than the first region due to the shorter symbol duration of the second region.
55. An apparatus for wireless communication, comprising:
a processor; and

a memory coupled with the processor, wherein the memory includes

instructions executable by the processor to cause a base station to:

configure a carrier with a first region having a first symbol duration and a
second region having a second symbol duration different from the first symbol duration,

wherein the first and second regions are time division multiplexed (TDM) or frequency-
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division multiplexed (FDM), wherein the first region includes a control channel and a shared
channel, and the second region includes a control channel and a shared channel, wherein the
second region includes both downlink symbols and uplink symbols, and wherein the second

symbol duration is configurable; and

communicate with a user equipment (UE) by the base station using the first

region or the second region of the carrier.

56. The apparatus of claim 55, wherein the instructions are further executable by

the processor to cause the base station to:

adjust a bandwidth of the carrier occupied by the second region based at least

in part on a latency requirement of the UE.

57. The apparatus of claim 55, wherein the shared channel of the first region
comprises a first physical downlink shared channel (PDSCH), and the control channel of the
first region comprises a first physical downlink control channel (PDCCH); and

wherein the shared channel of the second region comprises a second physical
downlink shared channel (PDSCH), and the control channel of the second region comprises a

second physical downlink control channel (PDCCH).

58. The apparatus of claim 55, wherein the first region comprises a first number of
orthogonal frequency division multiplexing (OFDM) symbols, and the second region
comprises a second number of OFDM symbols that is different from the first number of

OFDM symbols; and

wherein each of the OFDM symbols in the first region have the first symbol
duration, and each of the OFDM symbols in the second region have the second symbol

duration that is different than the first symbol duration.
59. An apparatus for wireless communication, comprising:

a Processor, and
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a memory coupled with the processor, wherein the memory includes

instructions executable by the processor to cause a user equipment (UE) to:

identify a first region of a carrier, the first region having a first symbol

duration, wherein the first region includes a control channel and a shared channel,

identify a second region of the carrier, the second region having a second
symbol duration different from the first symbol duration, wherein the first and second regions
are time division multiplexed (TDM) or frequency-division multiplexed (FDM), wherein the
second region includes a control channel and a shared channel, wherein the second region
includes both downlink symbols and uplink symbols, and wherein the second symbol duration

is configurable; and

communicate with a base station by the UE using the first region or the second

region of the carrier.

60. The apparatus of claim 59, wherein the instructions are further executable by

the processor to cause the UE to:

receive a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer 1 signaling, or a media access control (MAC) layer

signaling.

61. The apparatus of claim 59, wherein the instructions are further executable by
the processor to cause the UE to use either the first region or the second region based at least
in part on a latency requirement of the UE and a difference in symbol duration between the

first region and the second region.

62. The apparatus of claim 59, wherein the shared channel of the first region
comprises a first physical downlink shared channel (PDSCH), and the control channel of the
first region comprises a first physical downlink control channel (PDCCH); and
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wherein the shared channel of the second region comprises a second physical
downlink shared channel (PDSCH), and the control channel of the second region comprises a

second physical downlink control channel (PDCCH).

63. The apparatus of claim 59, wherein the first region has a 15 kHz subcarrier

spacing, and the second region has a 60 kHz or 120 kHz subcarrier spacing.

64. The apparatus of claim 59, wherein the first region comprises a first number of
orthogonal frequency division multiplexing (OFDM) symbols, and the second region
comprises a second number of OFDM symbols that is different from the first number of

OFDM symbols; and

wherein each of the OFDM symbols in the first region have the first symbol
duration, and each of the OFDM symbols in the second region have the second symbol

duration that is different than the first symbol duration.

65. The apparatus of claim 59, wherein the second region has a shorter symbol
duration than the first region, and wherein the instructions that cause the UE to communicate
with the base station are further executable by the processor to cause the UE to communicate
with the base station using the second region based at least in part on a latency requirement of
the UE and that the second region serves lower latency traffic of the UE than the first region

due to the shorter symbol duration of the second region.

66. A method of wireless communication to account for varying latency

requirements, comprising:

configuring a carrier with a first region having a first symbol duration and a
second region having a second symbol duration different from the first symbol duration,
wherein the first and second regions are time-division multiplexed (TDM) or frequency-

division multiplexed (FDM); and

communicating with a user equipment (UE) using the first or second region

based at least in part on a latency requirement of the UE, wherein the region of shorter symbol

Date Regue/Date Received 2021-03-15



81796946
74

duration of the first or second regions is used for low latency traffic of the UE, and wherein a
symbol comprises an orthogonal frequency-division multiplexing (OFDM) or a single carrier

frequency division multiplex (SC-FDM) symbol.

67. The method of claim 66, further comprising adjusting a portion of the carrier
occupied by the second region based at least in part the latency requirement of the UE,
wherein the first and second regions are TDM, and wherein adjusting the portion of the carrier

occupied by the second region comprises:
adjusting a time duration or periodicity of the second region.

68. The method of claim 66, further comprising adjusting a portion of the carrier
occupied by the second region based at least in part the latency requirement of the UE,
wherein the first and second regions are FDM, and wherein adjusting the portion of the carrier

occupied by the second region comprises:
adjusting a bandwidth of the second region.

69. The method of claim 68, further comprising configuring a guard band between

the first and second regions.
70. The method of claim 66, wherein configuring the carrier comprises:

transmitting a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer 1 signaling, or a media access control (MAC) layer

signaling.

71. The method of claim 66, further comprising:

configuring a third region of the carrier, the third region having the second
symbol duration, wherein the first and second regions are FDM, and wherein the third region

is TDM with the first and second regions.
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72. The method of claim 71, further comprising configuring a guard band between
the first and second regions.
73. A method of wireless communication to account for varying latency

requirements, comprising:

identifying a first region of a carrier, the first region having a first symbol

duration;

identifying a second region of the carrier, the second region having a second
symbol duration different from the first symbol duration, wherein the first and second regions

are time-division multiplexed (TDM) or frequency-division multiplexed (FDM); and

communicating with a base station using the first or second region based at
least in part on a latency requirement, wherein the region of shorter symbol duration of the
first or second regions is used for low latency traffic and wherein a symbol comprises an
orthogonal frequency-division multiplexing (OFDM) or a single carrier frequency division

multiplex (SC-FDM) symbol.

74. The method of claim 73, wherein the first and second regions are FDM, and

wherein the method further comprises:
identifying a guard band between the first and second regions.

75. The method of claim 73, wherein identifying the second region of the carrier

comprises:

receiving a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer 1 signaling, or a media access control (MAC) layer

signaling.

76. The method of claim 73, further comprising:
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identifying a third region of the carrier, the third region having the second
symbol duration, wherein the first and second regions are FDM and wherein the third region

is TDM with the first and second regions.

77. The method of claim 76, further comprising identifying a guard band between

the first and second regions.

78. An apparatus for wireless communication to account for varying latency

requirements, comprising:

means for configuring a carrier with a first region having a first symbol
duration and a second region having a second symbol duration different from the first symbol
duration, wherein the first and second regions are time-division multiplexed (TDM) or

frequency-division multiplexed (FDM); and

means for communicating with a user equipment (UE) using the first or second
region based at least in part on a latency requirement of the UE, using the region of shorter
symbol duration of the first or second regions for low latency traffic of the UE, and wherein a
symbol comprises an orthogonal frequency-division multiplexing (OFDM) or a single carrier

frequency division multiplex (SC-FDM) symbol.

79. The apparatus of claim 78, further comprising means for adjusting a portion of
the carrier occupied by the second region based at least in part on the latency requirement of
the UE, wherein the first and second regions are TDM, and wherein adjusting the portion of

the carrier occupied by the second region comprises:
adjusting a time duration or periodicity of the second region.

80. The apparatus of claim 78, further comprising means for adjusting a portion of
the carrier occupied by the second region based at least in part on the latency requirement of
the UE, wherein the first and second regions are FDM, and wherein adjusting the portion of

the carrier occupied by the second region comprises:
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adjusting a bandwidth of the second region.

81. The apparatus of claim 80, wherein the apparatus further comprises means for

configuring a guard band between the first and second regions.
82. The apparatus of claim 78, wherein configuring the carrier comprises:

transmitting a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer 1 signaling, or a media access control (MAC) layer

signaling.
83. The apparatus of claim 78, further comprising:

means for configuring a third region of the carrier, the third region having the
second symbol duration, wherein the first and second regions are FDM, and wherein the third

region is TDM with the first and second regions.

84. The apparatus of claim 83, the apparatus further comprising means for

configuring a guard band between the first and second regions.

85. An apparatus for wireless communication to account for varying latency

requirements, comprising:

means for identifying a first region of a carrier, the first region having a first

symbol duration;

means for identifying a second region of the carrier, the second region having a
second symbol duration different from the first symbol duration, wherein the first and second

regions are time-division multiplexed (TDM) or frequency-division multiplexed (FDM); and

means for communicating with a base station using the first or second region
based at least in part on a latency requirement, using the region of shorter symbol duration of

the first or second regions for low latency traffic, and wherein a symbol comprises an
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orthogonal frequency-division multiplexing (OFDM) or a single carrier frequency division

multiplex (SC-FDM) symbol.

86. The apparatus of claim 85, wherein the first and second regions are FDM, and

wherein the apparatus further comprises:
means for identifying a guard band between the first and second regions.

87. The apparatus of claim 85, wherein identifying the second region of the carrier

comprises:

receiving a signal in a symbol of the first region, the signal indicative of the
second symbol duration and comprising at least one of radio resource control (RRC)
signaling, a broadcast message, Layer 1 signaling, or a media access control (MAC) layer

signaling.
88. The apparatus of claim 85, further comprising:

means for identifying a third region of the carrier, the third region having the
second symbol duration, wherein the first and second regions are FDM and wherein the third

region is TDM with the first and second regions.

89. The apparatus of claim 88, further comprising means for identifying a guard

band between the first and second regions.

90. A computer readable storage medium having stored thereon computer-
executable instructions that, when executed, cause a computer to perform the method of any

one of claims 66 to 77.
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