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(57) Abstract: Embodiments of a User Equipment (UE), generation Node-B (gNB) and
methods of communication are generally described herein. The UE may receive, from a
gNB, a narrowband physical downlink control channel (NPDCCH) that indicates a num-
ber of narrowband internet-of-things (NB-IoT) downlink subframes for a downlink sched-
uling delay of a narrowband physical downlink shared channel (NPDSCH) in one or more
radio frames configured for time-division duplexing (TDD) operation. Subframes of the
one or more radio frames may include uplink subframes, NB-IoT downlink subframes for
downlink NB-IoT transmissions, and downlink subframes for other downlink transmis-
sions. The UE may determine the downlink scheduling delay based on an earliest sub-
frame for which a count of NB-IoT downlink subframes is equal to the number of NB-
IoT downlink subframes indicated in the NPDCCH.
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DOWNLINK TRANSMISSION IN TDD SUPPORTING {eNB-IoTs

PRIORITY CLAIM

16601} This application claims priority under 35 USC 11%e} to United
States Provisional Patent Application Serial No. 62,544,654, filed August 11,
2017 {reference number D148744-7 (4884.963PR V)|, and to United States
Provisional Patent Application Scrial No. 62,544,256, filed August 11, 2017
ireference number ID148743-7 (4884 964PRV)], and to United States
Provisional Patent Application Serial No. 62,544,262, filed August 11, 2017
Ireference number D148741-7 (4884 .967PRV}], and to United States
Provisional Patent Application Serial No. 62,565,793, filed September 29, 2017
Ireference number AA4578-7 (4884 .965PRV}], and to United States Provisional
Patent Application Serial No. 62,586,727, filed November 15, 2017 [reference
number AAGZ72-Z (4884.966PRV ], all of which are incorporated herein by

reference in their entirety.

TECHNICAL FIELD

(00023 Embodiments pertain to wireless communications. Some
embodiments relate to wireless networks including 3GPP (Third Generation
Partnership Project) networks, 3GPP LTE (Long Term Evolution) networks, and
AGPP LTE-A (LTE Advanced) networks. Some embodiments relate to Fifth
(Generation (5G) networks. Some embodiments relate to New Radio (NR)
networks. Some embodiments relate to further enhanced internet-of-things
(feNB-1oT) techniques. Some embodiments relate to internet-of-things (IoT)

techniques.

PCT/US2018/046241
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BACKGROUND

16603] Mobile devices may exchange data in accordance with time-
division duplexing (TDD) arrangements. Such systems may be useful in various
scenarios. For instance, when a block of spectrum is available, but blocks of
paired spectrum are not available, a TDD arrangement may be a good option. In
sore scenarios, different conligurations of uphnk subframes and downlink
subframes within a radio frame may be possible. Allocation of resources and/or
scheduling of transmissions for such configurations may be challenging.
Accordingly, there is a general need for methods and systems to enable TDD

operation in these and other scenarios.

BRIEF DESCRIPTION OF THE DRAWINGS

106047 FIG. 1A is a functional diagram of an example network in
accordance with some embodiments;

(66051 FIG. 1B is a functional diagram of another example network in
accordance with some embodiments;

(00067 FI1G. 2 illustrates a block diagram of an example machine in

accordance with some embodiments;

(00073 FIG. 3 illustrates a user device in accordance with some aspects;
180481 FIG. 4 illustrates a base station in accordance with some aspects;
166091 FIG. § illustrates an exemplary communication circuitry

according to some aspects;

(6618 FIG. 6 illustrates an example of a radio frame structure in
accordance with some embodiments;

00111 FIG. 7A and FIG. 7B illustrate example frequency resources in
accordance with some embodiments;

166121 FIG. 8 illustrates the operation of a method of communication in
accordance with some embodiments;

(88131 FIG. 9 illustrates the operation of another method of

~
L
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communication in accordance with some embodiments;

[6014] FIG. 10 illustrates an example repetition pattern in accordance
with some embodiments:

(6615 FIG. 11 illustrates an example resource allocation in accordance
with some embodiments;

[6016] F1G. 12 illustrates another example resource allocation in
accordance with some embodiments;

166171 FIG. 13 illustrates an example configuration and example
elements that may be transmitted in accordance with some embodiments;
18818 FIG. 14A and FIG. 148 Hustrate additional example
configurations and additional example clements that may be transmitted in
accordance with some embodiments; and

(6619 FIG. 15A and FIG. 158 illustrate additional example
configurations and additional example elements that may be transmitted in

accordance with some embodiments.

DETAILED DESCRIPTION

16626} The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
cmbodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

[6621] FIG. 1A is a functional diagram of an example network in
accordance with sorne embodiments. FIG. 1B is a functional diagram of another
example network in accordance with some embodiments. In references herein,
“FIG. 17 may include FIG. 1A and FIG. 1B. In some embodiments, the network
100 may be a Third Generation Partnership Project (3GPP) network. In some
embodiments, the network 150 may be a 3GPP network. In a nop-limiting

example, the network 150 may be a new radio (NR) network. It should be noted
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that embodiments are not limited to usage of 3GPP networks, however, as other
networks may be used in some embodiments. As an example, a Fifth Generation
(3G) network may be used in some cases. As another example, a New Radio
{INR} network may be used in some cases. As another example, a wireless local
area network (WLAN) may be used in some cases. Embodirnents are not hmited
to these example networks, however, as other networks may be used in some
embodiments. In some embodiments, a network may include one or more
components shown in FIG. 1A. Some embodiments may not necessarily include
all components shown in FIG. 1A, and some embodiments may include
additional components not shown in FIG. 1A, In some embodiments, a network
may include one or more components shown in FIG. 1B. Some embodiments
may not necessarily include all components shown m FIG. 1B, and some
embodiments may include additional components not shown in FIG. 1B. In
some embodiments, a network may jnclade one or more compouents shown in
FIG. 1A and one or more components shown in FIG. 1B. In some embodiments,
a network may include one or more components shown in FIG. 1A, one or more
components shown in FIG. 1B and one or more additional components.

(68221 The network 100 may comprise a radio access network (RAN)
101 and the core network 120 (e.g., shown as an evolved packet core (EPC))
coupled together through an S1 interface 115. For convenience and brevity sake,
only a portion of the core network 120, as well as the RAN 101, is shown. Ina
non-limiting example, the RAN 101 may be an evolved universal terrestrial
radio access network (E-UTRAN). In another non-limiting example, the RAN
101 may include one or more components of a New Radio (NR) network. In
another non-limiting example, the RAN 101 may ioclude one or more
components of an E-UTRAN and one or more components of another network
{(including but not Hmited to an NR network).

16623] The core network 120 may include a mobility management entity
(MME) 122, a serving gateway (serving GW) 124, and packet data network
gateway (PDN GW) 126. In some embodiments, the network 100 may include
{and/or support} one or more Evolved Node-B’s (eNBs) 104 (which may operate

as base stations) for commumcating with User Equipment (UE) 102. The eNBs
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184 may mclude macro eNBs and low power (LP) eNBs, in some embodiments.
[0024] In some embodiments, the network 100 may include {and/or
support) one or more Generation Node-B’s (gNBs) 105. In some embodiments,
one or more eNBs 104 may be configured to operate as gNBs 105.
Brbodiments are not limited to the number of eNBs 104 shown in FIG. 1A orto
the number of gNBs 105 shown in FIG. 1A, In some embodiments, the network
100 may vot necessarily include eNBs 104, Embodiments are also not lirotted to
the connectivity of components shown in FIG. 1A,

[6625] It should be noted that references herein to aneNB 104 orto a
gNB 103 are not imiting. In some embodiments, one or more operations,
methods and/or techniques (such as those described herein) may be practiced by
a base station compounent {and/or other component), including but not limited to
a gNB 105, an eNB 104, a serving cell, a transmit receive point (TRP) and/or
other. In some embodiments, the base station component may be configured to
operate in accordance with a New Radio (NR) protocol and/or NR standard,
although the scope of embodiments is not limited in this respect. In some
embodiments, the base station component may be configured to operate in
accordance with a Fifth Generation (3(G) protocol and/or SG standard, although
the scope of embodiments is not limited in this respect.

[0026] In some embodiments, one or more of the UEs 102 and/or eNBs
104 may be configured to operate in accordance with an NR protocol and/or NR
techniques. References to a UE 102, eNB 104 and/or gNB 105 as part of
descriptions herein are not limiting. For instance, descriptions of one or more
operations, techniques and/or methods practiced by a gNB 105 are not limiting.
In some embodiments, one or more of those operations, techniques and/or
methods may be practiced by an eNB 104 and/or other base station component.
(88271 In some embodiments, one or more of the UEs 102, eNBs 104
and/or gNBs 105 may be configured to operate in accordance with technigue(s),
protocol(s} and/or standard(s) related to one or more of! internet-of-things (IoT),
narrowband IoT (NB IoT), enhanced NB IoT (eNB-1oT), further enchanced
narrowband IoT (feNB-IoT) and/or other.

(80281 In some embodiments, the UE 102 may transmit signals (data,

()]
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control and/or other) to the gNB 105, and may receive signals (data, control
and/or other) from the gNB 105. In some embodiments, the UE 102 may
transmit signals (data, control and/or other) to the eNB 104, and may receive
signals {data, control and/or other) from the eNB 104. These embodiments will
be described 1o more detail below.

16629] The MME 122 s similar in function to the control plane of legacy
Serving GPRS Support Nodes (SGSN). The MME 122 manages mobility
aspects in access such as galeway selection and tracking area list management.
The serving GW 124 terminates the interface toward the RAN 101, and routes
data packets between the RAN 101 and the core network 120. In addition, it may
be a local mobility anchor point for inter-eNB handovers and also may provide
an anchor {or inter-3GPP mwobility. Other responsibilities may nclude lawful
intercept, charging, and some policy enforcement. The serving GW 124 and the
MME 122 may be implemented in one physical node or separate physical nodes.
The PDN GW 126 terminates an SGt interface toward the packet data network
(PDN). The PDN GW 126 routes data packets between the EPC 120 and the
external PDIN, and may be a key node for policy enforcement and charging data
collection. It may also provide an anchor point for mobility with non-LTE
accesses. The external PDN can be any kind of 1P network, as well as an IP
Multimedia Subsystem (IMS) domain. The PDN GW 126 and the serving GW
124 may be implemented in one physical node or separated physical nodes.
(66367 In some embodiments, the eNBs 104 (macro and micro) terminate
the air interface protocol and may be the {irst point of contact for a UE 102, In
some embodiments, an eNB 104 may fulfill various logical functions for the
network 100, including but ot himited to RNC (radio vetwork controller
functions) such as radio bearer management, uplink and downlink dynamic radio
resource management and data packet scheduling, and mobility management.
188311 In some embodiments, UEs 102 may be configured to
communicate Orthogonal Frequency Division Multiplexing (OFDM)
communication signals with an eNB 104 and/or gNB 105 over a multicarrier
communication channel in accordance with an Orthogonal Frequency Division

Multiple Access (OFDMA) conumunication technique. In some embodiments,
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elNBs 104 and/or gNBs 105 may be configured to communicate OFDM
communication signals with a UE 102 over a multicarrier communication
channel in accordance with an OFDMA communication technigue. The OFDM
signals may comprise a plurality of orthogonal subcarriers.

68321 The 51 interface 115 is the interface that separates the RAN 101
and the EPC 120. It may be split into two parts: the S1-U, which carries traffic
data between the eNBs 104 and the serving GW 124, and the S1-MME, which is
a signaling interface between the eNBs 104 and the MME 122. The X2 interface
is the interface between eNBs 104, The X2 mterface comprises two parts, the
X2-C and X2-U. The X2-C is the control plane interface between the eNBs 104,
while the X2-U is the user plane interface between the eNBs 104,

(46331 In some embodiments, similar functionality and/or connectivity
described for the eNB 104 may be used for the gNB 105, although the scope of
embodiments is not limited in this respect. In a non-liroiting example, the S1
interface 115 (and/or similar interface) may be split into two parts: the S1-U,
which carries traffic data between the giNBs 105 and the serving GW 124, and
the S1-MME, which is a signaling interface between the giNBs 104 and the
MME 122. The X2 interface (and/or similar interface) may enable
conumunication between eNBs 104, communication between gNBs 105 and/or
communication between an eNB 104 and a gNB 105.

16634} With cellular networks, LP cells are typically used to extend
coverage to indoor arcas where outdoor signals do not reach well, or to add
network capacity in areas with very dense phone usage, such as train stations. As
used herein, the term low power (LP) eNB refers to any suitable relatively low
power eNB for implementing a narrower cell (narrower than a macro cell) such
as a femtocell, a picocell, or a micro cell. Femtocell eNBs are typically provided
by a mobile network operator to its residential or enterprise customers. A
femtocell is typically the size of a residential gateway or smaller and generally
connects {o the user's broadband line. Once plugged in, the femtocell connects to
the mobile operator's mobile network and provides extra coverage in a range of
typically 30 to 50 meters for residential femtocells. Thus, a LP ¢NB might be a

femtocell eNB since it 1s coupled through the PDN GW 126. Similarly, a

~
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picocell is a wireless communication system typically covering a small area,
such as in-building (offices, shopping malls, train stations, etc.), or more recently
in-aircraft. A picocell eNB can generally connect through the X2 link to another
eNB such as a macro eNB through its base station controller (BSC)
functionality. Thus, LP eNB may be implemented with a picocell eNB since it is
coupled to a macro eNB via an X2 interface. Picocell eNBs or other LY eNBs
may incorporate some or all functionality of a macro eNB. In some cases, this
imay be referred to as an access point base station or enterprise femtocell. In
some embodiments, various types of giNBs 105 may be used, including but not
limited to one or more of the eNB types described above.

[0635] In some embodiments, the network 150 may include one or more
components configured to operate in accordance with one or more 3GPP
standards, including but not limited to an NR standard. The network 150 shown
in FIG. 1B may include a next generation RAN (NG-RAN) 155, which may
include one or more gNBs 105, In some embodiments, the network 150 may
include the E-UTRAN 160, which may imclude one or more eNBs, The E-
UTRAN 160 may be similar to the RAN 101 described herein, although the
scope of embodiments 1s not limited in this respect.

LHIRY In some embodiments, the network 150 may include the MME
165. The MME 165 may be stimilar to the MME 122 described herein, although
the scope of embodiments is not limited in this respect. The MME 165 may
perform one or more operations or functionality similar to those described herein
regarding the MME 122, although the scope of embodiments is not limited in
this respect.

(48371 In some embodiments, the network 150 may include the SGW
170. The SGW 170 may be similar to the SGW 124 described herein, although
the scope of embodiments is not himited in this respect. The SGW 170 may
perform one or more operations or functionality similar to those described herein
regarding the SGW 124, although the scope of embodiments is not limited in this
respect.

[0038] In some embodiments, the network 150 may include

-omponent(s) and/or module(s) for functionality for a user plane functio 1]
cormponent(s} and/or module(s) for functionality for a user plane function (UPF
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and wser plane functionality for PGW (PGW-U), as indicated by 175, In some
embodiments, the network 150 may include component(s) and/or module(s) for
functionality for a session management function (SMF) and control plane
functionality for PGW (PGW-C}, as indicated by 180. In some embodiments,
the component(s) and/or module(s) indicated by 175 and/or 180 may be similar
to the PGW 126 described herein, although the scope of embodiments is not
lirnited in this respect. The component(s) and/or module(s) indicated by 175
and/or 180 may perform one or more operations or functionality similar to those
described herein regarding the PGW 126, although the scope of embodiments is
not limited in this respect. One or both of the components 170, 172 may
perform at least a portion of the functionality described herein for the PGW 126,
although the scope of embodiments is not limited in this respect.

[6639] Embodiments are not limited to the number or type of
coroponents shown in FIG. 1B, Embodiments are also not Himited to the
connectivity of components shown in FIG. 1B.

[0044] In some embodiments, a downlink resource grid may be used for
downlink transmissions from an eNB 104 to a UE 102, while uphnk
transmission from the UE 102 to the eNB 104 may wtilize simnilar techniques. In
some embodiments, a downlink resource grid may be used for downlink
transmissions from a gNB 103 to a UE 102, while uplink transmission from the
UE 102 to the gNB 105 may vtilize similar techniques. The grid way be a time-
frequency grid, called a resource grid or time-frequency resource grid, which is
the physical resource in the downlink 10 each slot. Such a time-frequency plane
representation is a conunon practice for OFDM systems, which makes it
mtuitive for radio resource allocation. Each column and each row of the resource
grid correspond to one OFDM symbol and one OFDM subcarrier, respectively.
The duoration of the resource grid in the tirne domain corresponds to one slot in a
radio frame. The smallest time-frequency unit in a resource grid is denoted as a
resource element (RE). There are several different physical downlink channels
that are conveyed using such resource blocks. With particular relevance to this
disclosure, two of these physical downlink channels are the physical downlink

shared channel and the physical down hok control channel.
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188411 As used herein, the term "circuitry” may refer to, be part of, or
include an Application Specific Integrated Circuit {ASIC), an electronic circuit,
a processor (shared, dedicated, or group), and/or memory (shared, dedicated, or
group} that execute one or more software or firmware programs, a combinational
logic circuit, and/or other suitable hardware compounents that provide the
described functionality. In some embodiments, the circuitry may be implemented
in, or functions associated with the circoitry may be implemented by, one or
more software or firmware modules. In some embodiments, circuitry may
include logic, at least partially operable in hardware. Embodiments described
herein may be implemented into a system using any suitably configured
hardware and/or software.

[6642] FIG. 2 illustrates a block diagram of an example machine in
accordance with some embodiments. The machine 200 is an example machine
upon which any one or more of the techniques and/or roethodologies discussed
herein may be performed. In aliernative embodiments, the machine 200 may
operate as a standalone device or may be connected {e.g., networked) to other
machines. In a networked deployvment, the machine 200 may operate in the
capacity of a server machine, a client machine, or both 1n server-client network
environments. In an example, the machine 200 may act as a peer machine in
peer-to-peer (P2P) (or other distributed) network environment. The machine 200
may be a UE 102, eNB 104, gNB 105, access point (AP}, station (8TA), user,
device, mobile device, base station, personal computer (PC), a tablet PC, a set-
top box (STB), a personal digital assistant (PDA), a mobile telephone, a smart
phone, a web appliance, a network router, switch or bridge, or any machine
capable of executing instructions (sequential or otherwise) that specify actions to
be taken by that machine. Further, while only a single machine is illustrated, the
term “machine” shall also be taken to inclade any collection of machines that
individually or jointly execute a set (or multiple sets) of instructions to perform
any one or more of the methodologies discussed herein, such as cloud
computing, software as a service (SaaS), other computer claster configurations.
[6043] Examples as described herein, may include, or may operate on,

logic or a number of components, modules, or mechanisms. Modules are

10
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tangible entities {e.g., hardware) capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuits may
be arranged (e.g., internally or with respect to external entities such as other
circuits) in a specified manner as a module. In an exampie, the whole or part of
one or more computer systems {(e.g., a standalone, chient or server computer
system)} or one or more hardware processors may be configured by firmware or
software (e.g.. instructions, an application portion, or an application) as a module
that operates to perform specified operations. In an example, the software may
reside on a machine readable medium. In an example, the software, when
executed by the underlying hardware of the module, causes the hardware to
perform the specified operations.

(6044 Accordingly, the term “module” is understood to encompass a
tangible entity, be that an entity that is physically constructed, specifically
configured (e.g.. hardwired), or temporarily (e.g., transitorily) configured (e.g.,
programmed) to operate in a specified manner or to perform part or all of any
operation described herein. Considering examples in which modules are
temporarily configured, each of the modules need not be instantiated at any one
morent in time. For example, where the modules comprise a general-purpose
hardware processor configured using software, the general-purpose hardware
processor may be configured as respective different modules at different times.
Software may accordingly counfigure a hardware processor, for example, to
constitute a particular module at one instance of time and o constitute a different
module at a different instance of time.

16845] The machine {e.g., computer system) 200 may include a hardware
processor 202 (e.g., a central processing unit (CPU), a graphics processing unit
{(GPU), a hardware processor core, or any combination thereof), a main memory
204 and a static memory 206, soroe or all of which may communicate with each
other via an interlink {e.g., bus) 208. The machine 200 may further inclade a
display unit 210, an alphanumeric input device 212 {e.g., a keyboard), and a user
imterface (Ul) navigation device 214 (e.g., a mouse). In an example, the display
unit 210, input device 212 and UJ navigation device 214 may be a touch screen

display. The machine 200 may additionally include a storage device (e.g., drive
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unit) 216, a signal generation device 218 {e.g., a speaker), a network interface
device 220, and one or more sensors 221, such as a global positioning system
(GPS) sensor, compass, accelerometer, or other sensor. The machine 200 may
include an output controller 22§, such as a serial {e.g., universal serial bus
(USB), parallel, or other wired or wireless {e.g., infrared (IR), near field
communication (NF(C), etc.) connection to communicate or control one or more
peripheral devices (e.g., a printer, card reader, etc.).

16646} The storage device 216 may incinde a machine readable medium
222 on which is stored one or more sets of data structures or instructions 224
{(e.g., software) embodying or utilized by any one or more of the techniques or
functions described herein. The instructions 224 may also reside, completely or
at least partially, within the main memory 204, within static meroory 206, or
within the hardware processor 202 during execution thereof by the machine
200. In an exarople, one or any combination of the hardware processor 202, the
main memory 204, the static memory 206, or the storage device 216 may
constitute machine readable media. In some embodiments, the machine readable
medium may be or may include a non-transitory computer-readable storage
medinm. In some embodiments, the machive readable mediom roay be or may
include a computer-readable storage medium.

(00471 While the machine readable medium 222 is illustrated as a single
medium, the term "machine readable medinm” may inclade a single medium or
multiple media {e.g., a centralized or distributed database, and/or associated
caches and servers) configured (o store the one or more instructions 224. The
term “machine readable mediom’” may inchude any medium that is capable of
storing, encoding, or carrying instructions for execution by the machine 200 and
that cause the machine 200 to perform any one or more of the techniques of the
present disclosure, or that is capable of storing, encoding or carrying data
structures used by or assoctated with such instructions. Non-limiting machine
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of machine readable media may include:
non-volatile memory, such as semiconductor memory devices (e.g., Electrically

Programmable Read-Ounly Memory (EPROM), Electrically Erasable
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Programmable Read-Only Memory (EEPROM)) and flash memory devices;
magnetic disks, such as internal hard disks and removable disks; magneto-optical
disks; Random Access Memory (RAM); and CD-ROM and DVD-ROM

disks. In some examples, machine readable media may include non-transitory
machine readable media. In some examples, machine readable media may
include machine readable media that is not a transitory propagating signal.
(30481 The instructions 224 may further be transmitted or received over
a communications network 226 using a transmission medium via the network
interface device 220 utilizing any one of a number of transfer protocols (e.g.,
frame relay, internet protocol (IP), transmission control protocol (TCP), user
datagram protocol (UDP), hypertext transter protocol (HTTP), etc.). Example
conununication networks may include a local area network (LAN), a wide ares
network (WAN), a packet data network (e.g., the Internet}, mobile telephone
networks (e.g., cellular networks), Plain Old Telephone (POTS) networks, and
wircless data networks {e.g., Institute of Electrical and Electronics Engineers
(IEEE) 802.11 family of standards known as Wi-Fi®, IEEE §02.16 family of
standards koown as WiMax®), IEEE 802.15.4 {family of standards, a Long Term
BEvolution (LTE) family of standards, a Universal Mobile Telecommunications
System (UMTS) family of standards, peer-to-peer (P2FP) networks, among
others. In an example, the network interface device 220 may include one or
more physical jacks (e.g., Ethernet, coaxial, or phone jacks) or one or more
antennas to connect to the communications network 226, In an example, the
network interface device 220 may include a plurality of antennas to wirelessly
conumunicate using at least one of single-input mulitiple-output (SIMQO),
multiple-input multiple-output (MIMO), or roultiple-input single-output (MISO)
techniques. In some examples, the network interface device 220 may wirelessly
cornmunicate using Multiple User MIMO technigues. The term “transmussion
medinm’” shall be taken to inclade any intangible medium that is capable of
storing, encoding or carrying instructions for execution by the machine 200, and
includes digital or analog communications signals or other intangible medinm to
facilitate conununication of such software.

(60491 FIG. 3 illustrates a user device in accordance with some aspects.

~
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In some embodiments, the user device 300 may be a mobile device. In some
embodiments, the user device 300 may be or may be confligured to operate as a
User Equipment (UE). In some embodiments, the user device 300 may be
arranged to operate in accordance with a new radio (NR) protocol. In some
embodiments, the user device 300 may be arranged to operate in accordance
with a Third Generation Partnership Protocol (3GPP) protocol. The user device
300 may be suttable for use as a UE 102 as depicted in FIG. 1, in some
embodiments. It should be noted that in some embodiments, a UE, an apparatus
of a UE, a user device or an apparatus of a user device may include one or more
of the components shown in one or more of FIGs. 2, 3, and 5. In some
embodiments, such a UE, user device and/or apparatus may include one or more
additional cormponents.

[6658] In some aspects, the user device 300 may include an application
processor 303, baseband processor 310 (also referred to as a baseband module),
radio front end module (RFEM) 315, memory 320, connectivity module 325,
near field communication (NFC) controller 330, andio driver 333, camera driver
340, touch screen 345, display driver 350, sensors 355, removable memory 360,
power management integrated circuit (PMIC) 365 and smart battery 370. o
some aspects, the user device 300 may be a User Equipment (UE).

16651} In some aspects, application processor 305 may include, for
example, one or more CPU cores and one or more of cache memory, low drop-
out voltage regulators (LDOs), interrupt controllers, serial interfaces such as
serial peripheral interface (SPY), inter-integrated circuit (1°C) or universal
programmable serial interface module, real time clock (RTC), timer-counters
including interval and watchdog timers, general purpose input-output (10),
memory card controllers such as secure digital / multi-media card (SD/MMC) or
similar, universal serial bus (USB) interfaces, mobile industry processor
interface (MIP1) interfaces and Joint Test Access Group (JTAG) test access
ports.

166521 In some aspects, baseband module 310 may be implemented, for
example, as a solder-down substrate including one or more integrated circuits, a

single packaged integrated circoit soldered to a main circuit board, and/or a
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muliti-chip module coutaining two or more mntegrated circuts.

[0653] FIG. 4 illustrates a base station in accordance with some aspects.
In some embodiments, the base station 400 mway be or may be counfigured to
operate as an Evolved Node-B (eNB). In some embodiments, the base station
400 may be or may be configured to operate as a Generation Node-B (gNB). In
some embodiments, the base station 400 may be arranged to operate in
accordance with a new radio (NR) protocol. In some embodiments, the base
station 400 may be arranged to operate in accordance with a Third Generation
Partnership Protocol (3GPP) protocol. It should be noted that in somce
embodiments, the base station 400 may be a stationary non-mobile device. The
base station 400 may be suitable for use as an eNB 104 as depicted in FIG. 1, in
some embodirnents. The base station 400 may be suitable for use as a gNB 103
as depicted in FIG. 1, in some embodiments. It should be noted that in some
embodiments, an eNB, an apparatus of an eNB, a gNB, ap apparatus of a giNB, a
base station and/or an apparatus of a base station may include one or more of the
components shown in one or more of FIGs. 2. 4, and 5. In some embodiments,
such an eNB, gNB, base station and/or apparatas may include one or more
additional components.

16854 FIG. 4 illustrates a base station or infrastructure equipment radio
head 400 in accordance with an aspect. The base station 400 may include one or
more of application processor 405, baseband modules 410, one or more radio
front end modules 415, memory 420, power management circuitry 425, power
tee circuitry 430, network controller 435, network interface connector 440,
satellite navigation receiver module 445, and user interface 450. In some
aspects, the base station 400 may be an Evolved Node-B (eNB), which may be
arranged to operate in accordance with a 3GPP protocol, new radio (NR)
protocol and/or Fifth Generation (5G) protocol. In some aspects, the base station
400 may be a generation Node-B (gNB), which may be arranged to operate in
accordance with a 3GPP protocol, new radio (NR) protocol and/or Fifth
Generation (5G) protocol.

[BO55] In some aspects, application processor 405 may include one or

more CPU cores and one or more of cache memory, low drop-out voliage

it
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regulators (LDOs), interrupt controllers, serial interfaces such as SPI, *Cor
universal programmable serial interface module, real time clock (RTC), timer-
counters including interval and watchdog timers, general purpose 13, memory

card controllers such as SD/MMC or similar, USB interfaces, MIPI interfaces

5 aod Joint Test Access Group (JTAG) test access ports,
16856] In some aspects, baseband processor 410 may be implemented,
for exarnple, as a solder-down substrate incloding one or more integrated
circuits, a single packaged integrated circuit soldered to a main circuit board or a
multi-chip module containing two or more integrated circuits.
10 8657 In some aspects, memory 420 may include one or more of volatile

memory including dynamic random access memory (DRAM) and/or
synchronous dynamic random access memory (SDRAM), and nonvolatile
memory {(NVM) including high-speed electrically erasable memory (conmmonly
referred to as Flash memory), phase change random access memory (PRAM),

15  magneto-resistive random access memory {MRAM) and/or a three-dimensional
cross-point memory. Memory 420 may be implemented as one or more of solder
down packaged integrated circuits, socketed memory modules and plug-in
memory cards.

16658] In some aspects, power managemeni integrated circuitry 425 may

20 include one or more of voltage regulators, surge protectors, power alarm
detection circnitry and one or more backup power sources such as a battery or
capacitor. Power alarm detection circuitry may detect one or more of brown out
{under-voltage) and surge {over-voltage) conditions.

16659] In some aspects, power tee circuitry 430 may provide for

3
N

electrical power drawn from a network cable to provide both power supply and
data connectivity to the base station 400 using a single cable. In some aspects,
network controller 435 may provide connectivity to a network using a standard
network interface protocol such as Ethernet. Network connectivity may be
provided using a physical connection which is one of electrical (commonly

30 referred to as copper interconnect), optical or wireless.

[6060] In some aspects, satellite navigation receiver module 445 may

mclude circuitry to receive and decode signals fransmitied by ove or more
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navigation satellite constellations such as the global positioning system (GPS),
Globalnaya Navigatsionnaya Sputnikovaya Sistema (GLONASS), Galileo
and/or BeilDou. The receiver 445 may provide data to application processor 405
which may include one or more of position data or time data. Application
processor 405 may use time data to synchronize operations with other radio base
stations. In some aspects, user interface 450 may include one or more of
physical or virteal butions, such as a reset bution, one or more indicators such as
light emitting diodes {(LEDs) and a display screen.

(6061 ] FIG. 5 illustrates an exemplary conumunication circuitry
according to some aspects. Circuitry 500 s alternatively grouped according to
functions. Components as shown in 500 are shown here for iHlustrative purposes
and may include other components not shown here in Fig. 5. In some aspects,
the communication circuitry 500 may be used for millimeter wave
communication, although aspects are not imited to millimeter wave
comumunication. Communication at any suitable {frequency may be performed by
the communication circuitry 500 in some aspects.

168621 it should be noted that a device, such as a UH 102, eNB 104, ¢NB
1035, the user device 300, the base station 400, the machine 200 and/or other
device may include one or more components of the communication circuitry
500, in some aspects.

16663 The communication circuitry 500 may include protocol
processing circuitry 305, which may implement one or more of medium access
control (MAC), radio link control (RLC), packet data convergence protocol
(PDCP), radio resource control (RRC) and non-access stratum (NAS) functions.
Protocol processing circuitry 505 may include one or more processing cores (not
shown) to execute instructions and one or more memory structures {(not shown)
to store program and data information.

188641 The communication circuifry 300 may further include digital
bascband circuitry 510, which may implement physical layer (PHY) functions
including one or more of hybrid automatic repeat request (HARQ) functions,
scrambling and/or descrambling, coding and/or decoding, layer mapping and/or

de-mapping. modulation symbol mapping, received symbol and/or bit metric
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determination, multi-antenna port pre-coding and/or decoding which may
include one or more of space-time, space-frequency or spatial coding, reference
signal geveration and/or detection, preamble sequence generation and/or
decoding, synchronization sequence generation and/or detection, control channel
signal blind decoding, and other related functions.

16865] The communication circuitry 500 may further include transmit
circuitry 515, receive circuiry 320 and/or antenna array circuilry 530, The
communication circuitry 500 may further include radio frequency (RF) circuitry
525. In an aspect of the disclosure, RF circuitry 525 may include multiple
paraliel R¥ chains for one or more of transmit or receive functions, each
connected to one or more antennas of the antenna array 530.

[6066] In an aspect of the disclosure, protocol processing circuitry 505
may include one or more instances of control circuitry {(not shown) to provide
contro] functions for one or more of digital basebaund circuitry 510, transmuit
circuitry 515, receive circuitry 520, and/or radio frequency circuitry 525

[6067] In some embodiments, processing circuitry may perform one or
more operations described herein and/or other operation(s). In a non-limiting
example, the processing circuitry may include one or more components such as
the processor 202, application processor 303, baseband module 310, application
processor 405, bascband module 410, protocol processing circuitry 505, digital
baseband circuitry 510, similar component(s) and/or other component(s).

(68681 In some cmbodiments, a transceiver may transnit one or more
elements (including but not limited to those described herein) and/or receive one
or more elements (including but not limited to those described herein). In a non-
bimiting example, the transceiver may include one or more components such as
the radio front end module 3135, radio front end module 415, transmit circuitry
515, receive circuitry 520, radio {requency circuitry 525, similar component(s)
and/or other component({s).

(00697 One or more antennas {such as 230, 312, 412, 530 and/or others)
imay comprise one or more directional or omnidirectional antennas, including,
for cxample, dipole antennas, monopole antennas, patch antennas, loop antennas,

microstrip antennas or other types of antennas suitable for transmission of RF
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signals. In some multiple-input multiple-ontput (MIMO)} embodiments, one or
more of the antennas (such as 230, 312, 412, 530 and/or others) may be
effectively separated to take advantage of spatial diversity and the different
channel characteristics that may result.

(88761 In some embodiments, the UE 102, eNB 104, gNB 103, user
device 300, base station 400, machine 200 and/or other device described herein
may be a mobile device and/or portable wircless communmication device, such as
a personal digital assistant {PDA), a laptop or portable computer with wireless
communication capability, a web tablet, a wircless telephone, a smartphone, a
wireless headset, a pager, an instant messaging device, a digital camera, an
access point, a television, a wearable device such as a medical device {e.g., a
heart rate monitor, a blood pressure monitor, elc.), or other device that may
receive and/or transmit information wirelessly. In some embodiments, the UE
102, eNB 104, gNB 103, user device 300, base station 400, machine 200 and/or
other device described herein may be configured to operate in accordance with
3GPP standards, although the scope of the embodiments is not limited in this
respect. In some embodiments, the UE 102, eNB 104, gNB 105, user device
300, base station 400, machine 200 and/or other device described herein may be
configured to operate in accordance with new radio {NR) standards, although the
scope of the embodiments is not limited in this respect. In some embodiments,
the UE 102, eNB 104, gNB 1035, user device 300, base station 400, machine 200
and/or other device described herein may be configured to operate according to
other protocols or standards, including IEEE 802.11 or other IEEE standards. In
some embodiments, the UE 102, eNB 104, gNB 105, user device 300, base
station 400, machine 200 and/or other device described herein may include one
or more of a keyboard, a display, a non-volatile memory port, multiple antennas,
a graphics processor, an application processor, speakers, and other mobile device
elements. The display may be an LCD screen including a touch screen.

(66711 Although the UE 102, eNB 104, gNB 103, user device 300, base
station 400, machine 200 and/or other device described herein may each be
illustrated as having several separate functional clements, one or more of the

functional elements may be combined and may be implemented by combinations
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of software-configured elements, such as processing elements inclading digital
signal processors (DSPs), and/or other hardware elements. For example, some
elements may comprise one or more microprocessors, DSPs, field-
programmable gate arrays (FPGAs), application specific integrated circuits
(ASICs), radio-frequency integrated circuits (RFICs) and combinations of
various hardware and logic circuifry for performing at least the functions
described herein. In some embodiments, the functional elements may refer to
one or motre processes operating on one or more processing elements.

[6672] Embodiments may be implemented in one or a combination of
hardware, {irmware and software. Embodiments may also be implemented as
mstructions stored on a computer-readable storage device, which may be read
and executed by at least one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for storing mformation in a form readable by a machine (e.g., a
computer). For example, a computer-readable storage device may include read-
only memory (ROM), random-access memory (RAM), magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with instructions stored on a computer-readable storage device.
[6673] 1t should be noted that in some embodiments, an apparatus used
by the UE 102, eNB 104, ¢NB 105, machine 200, user device 300 and/or base
station 400 may include various components shown in FIGs. 2-5. Accordingly,
techniques and operations described herein that refer to the UE 102 may be
applicable to an apparatus of a UE. In addition, techniques and operations
described herein that refer to the eNB 104 may be applicable to an apparatus of
an ¢NB. In addition, techniques and operations described herein that refer to the
gNB 105 may be applicable to an apparatus of a gNB.

188741 FIG. 6 illustrates an example of a radio frame structure in
accordance with some embodiments. FIGs. 7A and 7B illustrate example
frequency resources i accordance with some embodiments. In references
herein, “FIG. 77 may include FIG. 7A and FIG. 7B. It should be noted that the

examples shown 1 FIGs. 6-7 may iHuastrate some or all of the concepts and
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technigues described herein in sowe cases, but embodiments are not limited by
the examples. For instance, embodiments are not limited by the name, number,
type, size, ordering, arrangement and/or other aspects of the time resources,
symbol periods, frequency resources, PRBs and other elements as shown in
FIGs. 6-7. Although some of the elements shown 1n the examples of FIGs. 6-7
may be included in a 3GPP LTE standard, 5G standard, NR standard and/or
other standard, embodiments are not limited to usage of such elements that are
included in standards.

{6075} An example of a radio frame structure that may be used in some
aspects ts shown in FIG. 6. In this example, radio frame 600 has a duration of
10ms. Radio frame 600 is divided into slots 602 each of duration 0.5 ms, and
numbered from § to 19. Additionally, each pair of adjacent slots 602 numbered
2i and 2i+/, where { is an integer, is referred to as a subframe 601.

(68761 In some aspects using the radio frame format of FIG. 6, each
subframe 601 may include a combination of one or more of downlink control
information, downlink data information, uplink control information and uplink
data information. The combination of information types and direction may be
selected independently for each subframe 602,

68771 Referring to FIGs. 7A and 7B, in some aspects, a sub-component
of a transmitted signal consisting of one subcarricr in the frequency domain and
one symbol interval in the time domain may be termed a resource element.
Resource clements may be depicted in a grid form as shown in FIG. 7A and FIG.
7B.

[6078] In some aspects, illustrated in FIG. 7A, resource elements may be
grouped info rectangular resource blocks 700 consisting of 12 subcarriers in the
frequency domain and the P symbols in the time domain, where P may
correspond to the number of symbols contained in one slot, and may be 6, 7, or
any other suitable number of symbols.

[00749] In some alternative aspects, illustrated in FIG. 7B, resource
elements may be grouped into resource blocks 700 counsisting of 12 subcarriers
(as indicated by 702) in the frequency domain and one symbol in the time

domain. In the depictions of FIG. 7A and FIG. 7B, each resource element 705
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may be indexed as (k, 1) where k is the index number of subcarrier, in the range 0
to N.M-1 (as indicated by 703), where N is the number of subcarriers in a
resource block, and M is the number of resource blocks spanning a component
carrier in the frequency domain.

[BOR6] In accordance with some ernbodirnents, the UE 102 may receive,
from a gNB 105, a narrowband physical downlink control channel (NPDCCH)
that indicates a number of narrowband intervet-ol-things (NB-IoT) downlink
subframes for a dowunlink scheduling delay of a narrowband physical downlink
shared channel (NPDSCH) in one or more radio frames configured for time-
division duplexing (TDD) operation. Subframes of the one or more radio {rames
may include uplink subframes, NB-IoT downlink subframes for downlink NB-
IoT transmissions, and downlink subframes for other downhink {ransmissions.
The UE 102 may determine the downlink scheduling delay based on a count of
NB-IoT downlink subframes elapsed since an end of the NPDCCH. The
downlink scheduling delay may be determined based on an earliest subframe for
which a count of NB-IoT downlink subframes is equal to the number of NB-IoT
downlink subframes indicated in the NPDCCH. These embodiments are
described n more detail below.

[6081] F1G. 8 illustrates the operation of a method of communication in
accordance with some embodiments. FIG. 9 illustrates the operation of another
method of communication in accordance with some embodiments. In describing
the methods 200 and 900, reference may be made to one or more of FIGs. 1-15,
although it is understood that the methods 800 and 900 may be practiced with
any other suitable systems, interfaces and components. In some cases,
descriptions herein of one or more of the concepts, operations and/or techniques
regarding one of the methods described herein (800, 900 and/or other) may be
applicable to at least one of the other methods described herein (800, 900 and/or
other).

[0082] Some embodiments of the method 800 may include additional
operations in comparison to what is tllustrated in FIG. 8, including but not
limited to operations described herein. Some embodiments of the method 800

may not necessarily inclode all of the operations shown in FIG. 8. In addition,
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embodiments of the method 800 are not necessarily limited to the chronological
order that is shown in FIG. 8. In some embodiments, a giNB 105 may perform
one or more operations of the method 800, but embodiments are not limited to
performance of the method 800 and/or operations of it by the gNB 105.
Accordingly, although references may be made to performance of one or more
operations of the method 8500 by the giNB 105 in descriptions herein, it is
understood that the eNB 104, UE 102 and/or other device may perform one or
more operations that may be the same as, similar to and/or reciprocal to one or
more of the operations of the method 800, in some embodiments.

T0083] Some embodiments of the method 900 may include additional
operations in comparison to what is illustrated in FIG. 9, including but not
bimited to operations described herein. Some embodiments of the method 900
may not necessarily include all of the operations shown in FIG. 9. In addition,
embodiments of the method 900 are not necessarily himited to the chronological
order that is shown in FIG. 9. In some embodiments, a UE 102 may perform
one or more operations of the method 900, but embodiments are not limited to
performance of the method 900 and/or operations of it by the UE 102.
Accordingly, although references may be made to performance of one or more
operations of the method 90C by the UE 102 in descriptions herein, it is
understood that the eNB 104, gNB 105 and/or other device may perform one or
more operations that may be the same as, similar to and/or reciprocal to one or
more of the operations of the method 900, in some embodiments.

180841 In some cases, operations and techniques described as part of the
method 800 may be relevant to the method 900. In some cases, operations and
techiniques described as part of the method 900 may be relevant to the method
800. In addition, embodiments of the method 200 may include one or more
operations that may be the same as, similar to or reciprocal to one or more
operations of the method 800 (and/or other operation(s) desecribed herein). For
instance, an operation of the method 800 may include transmission of an element
{such as a frame, block, message and/or other) by the gNB 105 and the method
900 may include reception of a same or similar element by the UE 102.

[B085] In some cases, one or more concepts described regarding one of
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the methods 800 and 900 may be relevant to one or more of the other methods
described herein. Such concepts may include, but are not limited to, NPDCCH,
NPDSCH, NPBCH, NPSS, NSSS, SIB1-NB, MIB, SIB2-NB, subframe
configurations and/or other concepts.

(00861 While the methods 800 and 900 and other methods described

h

herein may refer to eNBs 104, gNBs 105 or UEs 102 operating in accordance
with 3GPP standards, SG standards, NR standards, feNB-IoT standards and/or
other standards, embodiments of those methods are not limited to just those
elNBs 104, giNBs 105 or UEs 102 and may also be practiced on other devices,

10 such as a2 Wi-Fi access point (AP) or user station (§TA). In addition, the
methods 800, 900 and other methods described herein may be practiced by
wireless devices configured to operate in other suitable types of wireless
communication systems, including systems configured to operate according to
various IEEE standards such as ITEEE 802.11. The methods 800, 900 and other

15  methods described herein may also be applicable to an apparatus of a UE 102, an
apparatus of an eNB 104, an apparatus of a gNB 105 and/or an apparatus of
another device described above.

(80871 It should also be noted that embodiments are not Hmited by
references herein (such as in descriptions of the methods 800, 900 and/or other

20 descriptions herein) to transmission, reception and/or exchanging of clements
such as frames, messages, requests, indicators, signals or other elements. In
some embodiments, such an clement may be generated, encoded or otherwise
processed by processing circuitry {such as by a baseband processor included in
the processing circuitry) for transmission. The transmission may be performed

25 by a transceiver or other component, in some cases. In some embodiments, such
an clement may be decoded, detected or otherwise processed by the processing
circuitry (such as by the baseband processor). The element may be received by a
transceiver or other component, in some cases. In some embodiments, the
processing circuitry and the transceiver may be included in a same apparatus.

33 The scope of embodiments is not limited in this respect, however, as the
transceiver may be separate from the apparatus that comprises the processing

circuitry, in some embodiments.
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130881 {Une or more of the messages described herein may be incladed in
a standard and/or protocol, including but not limited to Third Generation
Partnership Project (3GPP), 3GPP Long Term Evolution {LTE), Fourth
(Generation (4(), Fifth Generation (5G), New Radio (NR), feNB-IoT and/or
other. The scope of embodiments 15 not limited to usage of elements that are
included in standards, however.

[6089] In some emboduments, the UE 102 may be arranged to operate in
accordance with a further enhanced narrowband internet-of-things (feNB-IoT)
protocol, although the scope of crabodiments is not limited in this respect. In
some embodiments, the gNB 105 may be arranged to operate in accordance with
a further enhanced narrowband internet-of-things (feNB-1oT) protocol, although
the scope of embodiments 15 not imited in this respect.

[6698] At operation 803, the giNB 105 may select a subframe
configuration for one or more radio frames. In some embodiroents, the radio
frames may be configured for time-division duplexing (TDD)} operation. In
some embodiments, subframes of the radio frames may include uplink
subframes, NB-IoT downlink subframes, and downlink subframes. In some
embodiments, the NB-IoT downlink subfrares may be allocated {or downlink
NB-IoT transmissions and the downlink subframes may be allocated for
transmissions other than NB-IoT downlink transmissions. In some
embodiments, subframes of the radio frames may include uplink subframes and
downlink subframes.

18891 In some embodiments, the subframe configuration may inclade
one or more uplink subframes, one or more NB-loT downlink subframes and/or
one or more downhink subframes. In some embodiments, the subframe
configuration may include one or more special subframes.

(68921 In some embodiments, the special subframe may occur
imimediately after one of the downlink NB-IoT subframes and immediately
before one of the uplink subframes. In some embodiments, the special subframe
may occur immediately after one of the downlink subframes and immediately
before one of the uplink subframes. In some embodiments, one or more special

subframes may be included in the radio frame. Each of those special subframes
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may be immediately after a downlink subframe and/or NB-IoT downlink
subframe and immediately before an uplink subframe. In some embodiments,
the special subframe may include a downlink portion {DwPTS), followed by a
guard period (GP), followed by an uplink portion (UpPTS).

(68931 In some embodiments, the gNB 105 may select the subframe
configuration for the radio frame from a plurality of candidate subframe
configurations. In a non-himiting example, the gNB 105 may select the subframe
configuration for the radio frame based on one or more of: an amount of
downlink data to be transmitted to one or more UEs 102, an amount of uplink
data to be transmmtted by the one or more UEs 102 and/or other factor(s).
[0094] In some embodiments, at least one of the candidate subframe
configurations may include one or more uplink subframes, one or more
downlink subframes and/or NB-IoT downlink subframes, and a special
sabframe. In some embodiments, at least one of the candidate subframe
configurations may include one or more uplink subframes, one or more
downliink subframes and/or NB-IoT downlink subframes, and one or more
special subframes. In some embodiments, at least one of the candidate subframe
configurations may be confligurable to include two or more special subframes.
[6095] In some embodiments, for each of the candidate subframe
configurations, the radio frame may include ten subframes, comprising: one or
more uplink subframes, at least four downhnk subframes and/or NB-1oT
downlink subframes, and a special subframe. For instance, subframe
configurations that include less than four downlink sobframes and/or NB-IoT
downlink subframes may not be included in the candidate subframe
configurations, in some embodiments.

(6096 In some embodiments, for each of the candidate subframe
configurations, at least the subfraroes indexed by zero, five, and nine may be
allocated as NB-IoT downlink subframes and/or dowulink subiframes.

[6097] At operation 810, the gNB 105 may transmit a system
information block type-1 narrowband (SIB1-NB). In some embodiments, the
SIB1-NB may indicate a subframe configuration for the radio frames. In some

embodiments, the SIB1-NB may include configuration information. in addition
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to or instead of the selected subframe counfiguration. In some embodiments, the
SIB1-NB may include system information.

160981 It should be noted that embodiments are not hmited to usage of
the SIB1-NB for operation 810, as other elements {including other types of
S1Bs) may be used. in some ermbodiments. The SIB1-NB may be included n a
3GPP protocol and/or feNB-IoT protocol, in some embodiments. It should be
noted that embodiments are not Himited to usage of the SIB 1-NB this operation
and/or other operations described herein, as any suitable element may be used.
[6099] In some embodiments, the SIB1-NB may include a plurality of
configuration bits. At least some values of the plurality of configuration bits
may be reserved to indicate different candidate subframe configurations for TDD
operation for the radio frames. Io a von-hmiting example, il N confliguration bits
are included in the SIB1-NB, any number of the 2”N values may be used to
indicate subframe configurations for TDD operation. In some embodiments, a
mapping between values of the configuration bits and predetermined subframe
configurations may be used. The mapping may be part of a standard, part of a
protocol and/or predetermined, in some embodiments. Control signaling
transiutted by the gNB 105 may iodicate the mapping, in some embodiments.
166106} In some embodiments, the SIB1-NB may inciude a plurality of
configuration bits. One value of the plurality of configuration bits may be
reserved to indicate frequency division duplexing (FDID) operation for the radio
frames. At least some other values of the plurality of configuration bits may be
reserved to indicate different candidate subframe configurations for TDD
operation for the radio frames. In a non-limiting example, if N configuration bits
are included in the SIB1-NB. one value may be reserved to indicate FDD
operation. As 27N values are possible for the N configuration bits, any number
of the other 2N — 1 values may be used to indicate subframe configurations for
TDD operation. In some embodiments, a mapping between values of the
configuration bits and predetermined subframc configurations may be used. The
mapping may be part of a standard, part of a protocol and/or predetermined, in
some embodiments. Control signaling transmitted by the gNB 105 may indicate

the mapping, in some embodiments.
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501011 At operation 813, the gNB 105 may determine a number of
repetitions for a narrowband physical downlink control channel (NPDCCH). In
some embodiments, the gNB 105 may determine the number of repetitions for
the NPDYCCH based at least partly on one or more of: a target decoding
performance level at the UE 102, a target performance level at the UE 102, a
target signal quality level at the UE 102, a level of coverage enhancement and/or
other factor(s).

166192} At operation 820, the gNB 105 may determine a number of
repetitions for a narrowband physical downlink shared channel (NPDSCH). In
some embodiments, the gNB 105 may determine the number of repetitions for
the NPDSCH based at least partly on one or more of: a target decoding
performance level at the UE 102, a target performance level at the UE 102, a
target signal quality level at the UE 102, a level of coverage enhancement and/or
other factor(s).

[60103] In some embodiments, the gNB 105 may determine the number
of repetitions for the NPDCCH and the number of repetitions for the NPDSCH
independently. In some embodiments, the determination of the number of
repetitions for the NPDCCH and the determmnation of the nurober of repetitions
for the NPDSCH may be related, combined and/or dependent. In some
embodiments, the gNB 105 may determine the number of repetitions for the
NPICCH and the namber of repetitions for the NPDSCH jointly. Accordingly,
the two independent numbers of repetitions may not necessarily be performed in
those embodiments. In some embodiments, the number of repetitions for the
NPDCCH and the number of repetitions for the NPDSCH may be the same. For
instance, the gNB 105 may determine one number of repetitions, and may apply
it to both the NPDCCH and the NPDSCH. In some embodiments, the number of
repetitions for the NPDCCH and the nomber of repetitions for the NPDSCH may
be potentially different.

(60104} In a non-limiting example, the number of repetitions for the
NPDCCH may be included in 2, 4, 8, 16, 32, 48, 64, and 128, or may be
included in 2, 4, 8, 16, 32, 64, 128, 256, 512, 1048, and 2096. In another non-

himiting exaraple, the number of repetitions for the NPDSCH may be included in
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1,2, 4,8, 16,32, 64, 128, 192, 256, 384, 512, 768, 1024, 15336, and 2048. In
another non-limiting example, a number of repetitions for the NPDCCH may be
mnclhuded in 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048. Embodiments are

not limited to the example numbers of repetitions given above, as any suitable

h

number of repetitions may be used. Any suitable number of values may be used.
All of the values given above may not necessarily be included in some
embodiments. In some embodiments, one or more of the values given above
imay be used. In some embodiments, one or more additional values may be used.
In some embodiments, one or more values may be used in addition (o or instead
10 of one or more of the values given above. The example values given above may
be included in a 3GPP standard, NB-IoT standard, an feNB-IoT standard and/or
other standard, although the scope of embodiments 15 not limited in this respect.
[66105] in a non-limiting example, a starting subframe parameter (which
may be referred to, without limitation, as “G”) may be used to define a starting
15 subframe of NPDCCH as the subframe that satisfies the relationship below.

(10n; + 1, /2 Jmod T = Ehaqﬁ&e,r '

[60106] in the above, nr is the radio frame murnber, 1 15 the slot number,
T=RBoa ™G, and dome={0, 1/8, 1/4, 3/8}. In some embodiments, these values
may be increased in comparison to values supported 1o Rel-13 NB-IoT. For
20 example, the maximum supported value can be 128 or 256. In a non-limiting
example, the Gecanbe onc of 2, 4, 8§, 16, 32, 48, 64, 128. In another non-
linniting example, the G may be one of 1.5, 2, 4, 8, 16, 32, 48, 64, 128, 256. In
another non-limiting example, one or more values of the parameter G used in a
protocol (including but not limited to a Rel-13 protocol) may be used. In some
25 cases, a set of candidate values for the number of symbol groups may include
one or more of those values, and may also inclade one or more additional values
{such as 12&, 256 and/or other).
166107} At operation 825, the gNB 105 may determine one or more
subframes to be used for transmission of the NPDSCH. At operation 830, the
30 gNB 105 may determine a downlink scheduling delay for the NPDSCH. At
operation 835, the gNB 105 may transmit the NPDCCH. At operation 840, the
¢NB 105 may transmit the NPDSCH.
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166108} In some embodiments, the gNB 105 may select one or more
subframes of the radio frames for the transmission of the NPDSCH. In some
embodiments, the selected radio frames may or may not inclade the special
subframe. One or more factors may be used to determine which subframes are
to be used, including but not limited to: an amount of data to be transmitted, a
number of NB-IoT downlink subframes in the radio frame, a number of
downlink subframes in the radio frame, a number of symbol periods in the
DwPTS and/or other factor(s).

[60109] In some cmbodiments, the NPDCCH may include one or more of:
the number of repetitions to be used for the transmission of the NPDSCH, time
resources o be used for the transmission of the NPDSCH, schedule information,
frequency resonrces to be used for the transmission of the NPDSCH,
configuration information and/or other information. In some embodiments, the
NPDCCH roay scheduole transmission of the NPDSCH.

[60116] In some embodiments, the NPDCCH may include information
related to the scheduling delay for the NPDSCH. In some embodiments, the
NPDCCH may indicate a number of NB-IoT downlink subframes for the
downlink scheduling delay. In some embodiments, the NPDCCH may indicate a
number of downlink subframes for the downlink scheduling delay.

(60111} In some embodiments, the downlink scheduling delay may be
based on a count of subframes elapsed since the NPDCCH. The count of
subframes may include NB-IoT downlink subframes and may exclude uplink
subframes and other subframes which are not defined as NB-IoT downlink
subframes (such as downlink subframes allocated for downlink transmissions
other than NB-IoT downlink transmissions). The downlink scheduling delay
may be determined based on an earliest subframe for which the count of NB-IoT
downlink subframes is equal to the scheduling delay indicated in the NPDCCH.
1881121 In some embodiments, the NPDCCH may indicate a number of
NB-IoT downlink subframes for the downlink scheduling delay. The downlink
scheduling delay may be based oun an earliest subframe for which a namber of
NB-IoT downlink subframes that has elapsed since the end of NPDCCH 1s equal

to the number of NB-IoT downlink subframes indicated in the NPDCCH.
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[50113] In some embodiments, the gNB 105 may encode the NPDSCH in
accordance with a maximum transport block size (TBS) of 1000 bits or 2536
bits. Embodiments are not hmited to these example sizes, as any suitable size(s)
may be used.

[60114] In some embodiments, the gNB 105 may encode the NPDSCH
for transmission in accordance with the downlink scheduling delay. In some
embodiments, the gNB 105 may eocode multiple repetitions of the NPDSCH. In
some embodiments, a {irst chronological repetition of the NPDSCH may be
transmitied in accordance with the downlink scheduling delay.

188115] At operation 843, the gNB 105 may transmit a narrowband
primary synchronization signal (NPSS). At operation 830, the gNB 105 may
transmit a narrowband secondary synchromization signal (NSS8S). At operation
855, the gNB 105 may transmit a narrowband physical broadcast channel
(NPBCH). At operation 860, the gNB 105 may transroi a master information
block (MIB). In some embodiments, the MIB may be included in the NPBCH.
In some cmbodiments, the NPBCH may include the MIB. At operation 8635, the
gNB 105 may transmit a system information block type-2 narrowband (SIB2-
NB).

[60116] In some embodiments, the SIB1-NB may indicate a subframe
configuration for the radio frames. The radio frames may include ten subframes
indexed in a range of zero to nine. In each radio frame, the subframe indexed by
five may include an NPSS. In alternate radio frames, the subframe indexed by
zero may include an NSSS.

[60117] In some embodiments, the radio frames may include ten
subframes indexed 1o a range of zero to nine. In each radio frame, the subframe
indexed by five may include an NPSS. A pair of consecutive radio frames may
include a first radio frame and a second radio {rame. In the first radio frame of
the pair, the subframe indexed by zero may include an NSSS and may exclude
SIB1-NBs. In the second radio frame of the pair, the subframe indexed by zero
may itnclude an SIB1-NB and may exclude NSSSs.

(60118} In some embodiments, the radio frames may be indexed by

system frame numbers (SENs). The radio frames roay include ten subframes
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indexed in a range of zero to nine. The subframe indexed by zero in the radio
frames of even SFNs may include an NSSS. The subframe indexed by zero in
the radio frames of odd SFNs may include an SIBI-NB.

[66119] In some embodiments, the radio frames may be indexed by SFNs.
The radio frames may include ten subframes indexed i a range of zero to nive,
The subframe indexed by zero in the radio frames of even SFNs may include an
NSSS and may exclude SIBI-NBs. The subframe indexed by zero in the radio
frames of odd SFNs may include an SIB1-NB and may exclade NS5Ss. In some
cmbodiments, the subframe indexed by ninc may include a narrowband physical
broadcast channel (NPBCH).

[00126] In some embodiments, the radio frames may include ten
subframes indexed 1o a range of zero to nine. The radio frames may be indexed
by SENs. The gNB 105 may transmit, in the radio frames in the subframe
imdexed by five, an NPSS. The gNB 105 may transmoit, in the radio frames of
even RENs and in the subframe indexed by zero, an NS5S. The gNB 105 may
transmit, in the radio frames of odd SFNs and in the subframe indexed by zero,
an SIB1-NB.

601211 In some embodiments, the gNB 105 may transmit, on a first
carrier, an SIB1-NB. The SIB1-NB may indicate transmission, by the gNB 105,
of a system information block type-2 narrowband (SIB2-NB) on a second
carrier. In some embodiments, the gNB 105 may encode the SIB2-NB to
indicate frequency resources allocated for narrowband physical random access
channel (NPRACH) transmissions.

[60122] In some embodiments, the gNB 105 may transmit, on a first
carrier, an NPSS and a master information block (MIB)}. In some embodiments,
the MIB may indicate a second carrier on which an SIB1-NB is transmitted by
the gNB 105. The gNB 105 may transmit the SIB1-NB on the second carrier. In
some embodiments, the first carrier may be an anchor carrier, and the second
carricr may be a non-anchor carrier. The gNB 105 may encode the MIB to
include one or more bits to mdicate that the secound carrier is used for
transmission of the SIBI-NB.

(601231 In some embodiments, one physical resource block (PRB) may be
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used for transmission in accordance with the feNB-loT protocol/technique. The
scope of crmbodiments is not limited to usage of one PRB, however, as any
suitable frequency resources may be used. It should be noted that descriptions
herein of some operations and/or techniques may refer to PRBs, symbol periods
and/or sub-frames, but sach references are not imiting. In some embodiments,
other time resources and/or frequency resources may be used in one or more of
those operations and/or technigues.

166124} In some embodiments, an apparatus of a gNB 105 may comprise
memory. The memory may be configurable to store at least a portion of the
NPDCCH. The memory may store one or more other elements and the
apparatus may usc them for performance of one or more operations. The
apparatus may include processing circuitry, which may perform one or more
operations (including but not limited to operation(s} of the method 800 and/or
other methods described herein). The processing circuilry may include a
baseband processor. The baseband circuitry and/or the processing circuitry may
perform one or more operations described herein, including but not himited to
encoding of the NPDCCH. The apparatus may include a transceiver to transmit
the NPDCCH. The transceiver may transmit and/or receive other blocks,
messages and/or other elements.

[00125] At operation 903, the UE 102 may receive an NPSS. At
operation 910, the UE 102 may receive an NSSS. At operation 915, the UE 102
may receive an NPBCH. At operation 920, the UE 102 may receive an MIB. In
some embodiments, the NPBCH may carry the MIB. In some embodiments, the
NPBCH may include the MIB. At operation 925, the UE 102 may receive an
SIB1-NB. At operation 930, the UE 102 may recetve a SIB2-NB.

[66126] In some embodiments, the SIB1-NB may indicate a subframe
configuration for a radio frame counfigured for time-division duplexing (TDD)
operation. The subframe configuration may comprise: one or more NB-loT
downlink subframes, one or more downlink subframes, one or more uplink
subframes, and/or one or more special subframes. In some embodiments, a
special subframe may occur immediately after one of the NB-IoT downlink

subframes and immediately before one of the uplink subframes. In some
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embodiments, uplink subframes may be allocated for uplink transmissions, the
NB-IoT downlink subframes may be allocated for NB-IoT downlink
transmissions, the downlink subframes may be allocated for downlink
transmissions {such as downlink transmissions other than NB-IoT downlink
transmissions). The special subframe may be allocated (o enable one or more of:
a transition between downlink transmission(s) and uplink transmission(s), and a
transition between NB-IoT downlink transmission(s) and uplink transmission(s).
In some embodiments, the SIB1-NB may indicate a subframe counfiguration for a
radio frame confligured for time-division duplexing (TDD) operation. The
subframe configuration may comprise: one or more downlink subframes, one or
more uplink subframes, and a special subframe that occurs immediately after one
of the downlink subframes and immediately before one of the uplink subframes.
In some embodiments, uplink subframes may be allocated for uplink
transmissions, the downlink subframes may be allocated for downlink
transmissions, and the special subframe may be allocated to enable a transition
between the downlink transmissions and the uphink transmissions.

663271 At operation 935, the UE 102 may determine a subframe
configuration for a radio frame. In some embodiments, the subframe
configuration for the radio frame may be determined based on the SIB1-NB
indication, although the scope of embodiments is not limited in this respect.
16031281 At operation 940, the UE 102 may receive an NPDCCH. In some
embodiments, the NPDCCH may indicate a number of repetitions of an
NPDSCH sent at least partly in the special subframe. In some embodiments, the
NPDCCH may indicate one or more subframes to be used for reception of the
NPDSCH. In some embodiments, the NPDCCH may indicale one or more
subframes used for transmission, by the gNB 105, of the NPDSCH. In some
embodiments, the NPDCCH may 1ndicate a nurnber of downlink subfrares {fora
downlink scheduling delay for the NPDSCH.

A At operation 9435, the UE 102 may determine the nomber of
repetitions for an NPDSCH. In some embodiments, the UE 102 may determine
the number of repetitions for an NPDSCH based at least partly on the

mformation indicated by NPDCCH, although the scope of embodiments is not
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limited in this respect.

(001361 At operation 950, the UE 102 may determine one or more
subframes for reception of the NPDSCH. In some embodiments, the UE 102
may determine the one or more subframes for reception of the NPDSCH based at
least partly on the mdication information in NPDCCH, although the scope of
embodiments is not limited in this respect. At operation 9553, the UE 102 may
determine a scheduling delay for the NPDSCH based at least partly on the
indication information in NPDCCH. Previously described technigues and/or
techniques described herein may be used for operation 9553, although the scope
of embodiments 1s not hmited in this respect. At operation 960, the UE 102 may
receive the NPDSCH.

(66131} In some emboduments, an apparatus of a UE 102 moay comprise
memory. The memory may be configurable to store at least a portion of the
NPDCCH. The mermory may store one or more other elements and the
apparatus may use them for performance of one or more operations. The
apparatus may include processing circuitry, which may perform one or more
operations (including but not Hmited to operation(s} of the method 900 and/or
other methods described herein). The processing circuilry may include a
baseband processor. The baseband circuitry and/or the processing circuitry may
perform one or more operations described herein, including but not himited to
decoding of the NPDCCH. The apparatus may include a transceiver to receive
the NPDCCH. The transceiver may transmit and/or receive other blocks,
messages and/or other elements.

166132} FIG. 10 illustrates an example repetition pattern in accordance
with some embodiments. FIG. 11 illustrates an example resource allocation in
accordance with some embodiments. FIG. 12 llustrates another example
resource allocation in accordance with some embodiments. FIG. 13 dlustrates
an example configuration and example elements that may be transmitted in
accordance with some embodiments. FIG. 14A and FIG. 148 illustrate
additional example configurations and additional example elements that may be
transnyited in accordance with some embodiments. In references herein, “FIG.

14” may include FIG. 14A and FIG. 14B. FIG. 13A and FIG. 15B illostrate
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additional example configurations and additional example elements that may be
transmitted in accordance with some embodiments. In references herein, “FIG.
157 may inciude FIG. 15A and FIG. 15B. It should be noted that the examples
shown in FIGs. 10-15 may illustrate some or all of the concepts and techniques
described herein in some cases, but embodiments are not limited by the
examples. For instance, embodiments are not limited by the name, number,
type, size, ordering, arrangement and/or other aspects of the frames, sublrames,
signals, time resources, frequency resources and other elements as shown in
FlGs. 10-15. Although some of the elements shown in the examples of FIGs.
16-15 may be included in a 3GPP LTE standard, 5G standard, NR standard,
feNB-1oT standard and/or other standard, embodiments are not limited to usage
of such elements that are included in standards.

[66133] In some embodiments, TDD/FDD differentiation may be based
on different relative locations between NPSS and NSSS. Alfernatively, different
sequences or scrambling for NPSS and/or NSSS may be used for FDD and TDD
systems. Also, indication information in MIB/SIB may be used for TDD/FDD
indication.

[60134] In some embodiments, a TDD/FDD indication via NPSS and/or
NSSS locations may be used. It should be noted that MBSEFN may be
configured to subframes #1, 2, 3, 6, 7 and 8 in FDD systems and subframes #3,
4,7, 8 and 9 in TDD systems. To avoid the collision between NPSS/NSSS and
MBSFEN, subframes #0. 1, 2, 5 or 6 may be used for NPSS/NSSS transmission in
TDD systems. In embodiments in which subframe #0 1s used for NPBCH
transmission, NPSS/NSSS may be transmitted in subframes #1, 2, S or 6.
[40135] In some embodiments, NPSS may be transmitted in subframe #5
in every radio frame same as in FDD NB-IoT systems, while NSSS may be
transmitted in subframes #N in every alternative radio frame, wherein N may be
I, 2 or 6. The valaoe of N may depend on the supported TDD configurations for
feNB-1oT. In a non-limiting example, if the existing TDD configurations 3, 4
and 5 are supported, N may be 6.

(00136} In some cmbodiments, the NPSS may be transmitted in subframe

#M in every radio {rame, where M may be 1, 2, or 6, while NSSS may be
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transmitted in sabirame #N 10 every alternative radio frame, where N may be 1,
2, 5 or 6 other than M nor M+4. In examples where NSSS and SIB1-NB may be
transmitted in the same radio frame, the N may be 1, 2, 5 or 6 other than M,
M4, nor the DL subframes that are used for SIB1-NB transmission. In a non-
limiting exarople, M may be 1 and N may be 6. This may be used in cases o
which the supported TDD configurations are the existing TDD configurations 3,
4 and 5. In some embodiments, the NPSS roay be transmitted in DwPTS,
16631371 in some embodiments, the TRD/FDD indication via NPSS and/or
NSSS sequences may be used. To differentiate TDD from FDD, different
NPSS/NSSS sequences, or different covering code (scrambling sequence) may
be used. In some embodiments, different sequence(s) may be used for
NPSS/NSSS.

[66138] In some embodiments, an NPSS sequence may be used. For
example, ZC sequence with length 11 and root index 6 may be used. This may
be a complex conjugate sequence of Rel-13 NPSS, although the scope of
embodiments is not limited in this respect. Usage of this sequence may help
avoid incurring additional detection complexity, in some cases.

(601391 In some embodiments, an NSSS sequence may be used. For
example, a pseudo random sequence instead of length-131 Z{ sequence may be
used. Alternatively, a set of length-11 short ZC sequences may be mapped to
each NSSS symbol.

1001401 In some embodiments, different covering code(s) and/or
scrambling sequence(s) may be used for NPSS/NSSS. In some embodiments,
different covering code may be used for NPSS. The covering code may be any
length-11 binary sequence different from [1 1 1 1-1-1 1 11 -1 1] Insome
cases, a sequence with good auto-correlation properties may be used.

60141 In some embodiments, a set of different scrambling sequence may
be used for NSSS. For example, the sequence may be length-128 Hadamard
sequences but with different indexes. In Rel-13 NB-IoT, the index of
scrambling sequence may be determined by g=floor(PCH126), a similar equation
and/or other equation. In some embodiments, for Rel-15 teNB-IoT TDD cells,

the index of the scrambling sequence may be determuned by g={loor(PCI/126) +
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a, a similar equation and/or other equation. In the above, the parameter a may
be an integer within {4,122].

1603421 it should be noted that a combination of two or more of the above
technigues/options nmay be used, in some embodiments. In a non-limiting
example, NPSS with different sequence and NSSS with different scrambling
sequences may be used. In another non-limiting example, different NPSS/NSSS
sequences in addition to different fransmission locations may be used.

(603431 in some embodiments, a TDD/FDD indication via information
bit(s) in MIB/SIB may be used. In some embodiments, the TDD or FDD
indication may be included in MIB-NB, using the reserved bits. In a non-
limiting example, one bit may be used to indicate if the system is TDD or FDD.
Embodiments are not limited to usage of one bit, however, as multiple bits may
be used to indicate if the system is TDD or FDD, in some embodiments.

(60144 In some embodiments, N reserved bits may be used for TDD
configuration indication, for out of (2*N-1) possible configurations plas FDD
system indication. For example, N may be 1, 2, or 3, depending how many TDD
configurations are supported {or feNB-IoT. In another example, MIB-NB may
configure another non-anchor carrier for SIB1-NB transmission. The indication
of such carrier for SIB1-NB transmission may use the reserved bits in MIB-NB.
The presence of the indication implies that the system 1s TDD, while the absence
of the indication 1mplies that the system is FDD.

[60145] In some cmbodiments, the TDD or FDD indication may be
incloded 1o SIBI-NB, or other SIBs (including but not limited to SIB2-NB).

The indication information may be similar as above. In a non-limiting example,
one bit may be used to indicate if the system 1s TDD or FDD. Embodiments are
not limited to usage of one bit, however, as multiple bits may be used to indicate
if the system is TDD or FDD, in soroe embodiments. In another non-limiting
example, N bits may be used to indicate a TDD configuration, for out of (2AN-1)
possible configurations phlus FDD system indication. The parameter N may be 1,
2, or 3, depending on how many TDD configurations are supported for feNB-
ioT. Alternatively, the absence of TDD configuration indication may imply that

the system 1s FDD.
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188146] In some embodiments, an indication of whether a configuration is
TDD or FDD may be used for feNB-IoT. In some crobodiments, the TDD/FDD
indication may be based the relative locations between NPSS and NSSS. In
some embodiments, the TDDYFDD indication may be based on the detection of
ditferent NPSS and/or NSSS sequences. In some embodiments, an NPSS
sequence may be used, including but not limited to a ZC sequence with length 11
and root index 6. In some erobodiments, an NSSS sequence may be used. To
some embodiments, a covering code {or scrambling sequence) may be used for
NPSS and/or NSSS. The covering code (or scrambling sequence) may have
good auto- and cross-correlation properties, in some cases. In some
embodiments, the TDD/FDD indication may be based on the indication in MIB-
NB or SIB-NB.

(60147 In some embodiments, DL physical channels (such as NPDCCH,
NPDSCH and/or other) and DL reference signals (such as NRS and/or other)
may be used for TDD feNB-{oT cells.

[00148] In some embodiments, in Rel-13 NB-IoT, NPDCCH is based on
EPDCCH design, which occupies the whole subframe, except the legacy control
region {or in-band operation. Withio a PRB pair, 2 Narrowbaond Coutrol Channel
Elements (NCCEs) are defined, with one NCCE consisting of 6 subcarriers. A
NPDCCH search space (S8) occurs periodically, with the starting subframe

de{ined by the following.

{10?15 + nS / 2} mod T = LC{%MT |

[60149]

[00150] In the above, ny is the radio frame number, n, is the slot number,
T=Ruax*G, G={1.5,2, 4,8, 16, 32, 48, 64} and aome={0, 1/8, 1/4, 3/8}.
(66151} For NPDSCH, it may be dynamically scheduled by NPDCCH.

The modulation order is QPSK and the chanoel coding 1s TBCC. Rel-13 NB-
10T supports only 1 HARQ DL process, while Rel-14 eNB-IoT supports up to 2
DL HARQ processes (for Cat NB2 UEs with the capability of 2 HARQ
processes). There is no RV supported for NPDSCH. The repetition pattern of
NPDSCH is realized by using cyclic repetition, where in each cycle, cach DL
subframe in the allocated resources is repeated consecutively for Z times, with £
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= min{4, indicated number of repetitions }. An example 1000 in FIG. 10
illustrates an example repetition pattern for NPDSCH.

601521 For NRS, it is used for the demodnlation of DL physical channels
(NPBCH, NPDCCH and NPDSCH). To enable frequency and time tracking,
some exient of cross-subframe channel estimation, and improve the accuracy of
RRM measurement, a minimum set of subframes where NRS is transmitted are
defined. The minimuim set of subframes where NRS is transmitied 1s {0, 1, 3, 4,
9} which does not contain NSSS for guard band/standalone modes, and {0, 4, 9}
which does not contain NSSS for in-band mode. Besides, UE also assumes that
NRS 1s present in valid DL subframes which is indicated in SIB1-NB. Inthe
example 1100 in FIG. 11, an example RE mapping of NRS in a subframe is
shown.

(66153 In some embodiments, one or more of the NPDCCH format,
aggregation level, coding schere and/or other aspect may be at Jeast partly
based on the Rel-13 NB-IoT design. Recall that in Rel-13 NB-IoT, the starting
subframe of the search space is the absolute subframe. In some embodiments,
considering that more subframes may become invalid DL subframes 10 TDD
systems, new valoes of G may be introduced. For example, larger values such as
128, 256 may be introduced for G. In a non-limiting example, possible values
for Gmay be {2, 4, 8, 16, 32, 48, 64, 128}, In another non-limiting example, a
subset of {1.5, 2, 4, 8, 16, 32, 48, 64, 128, 256} may be used. Embodiments are
not limited to the example values given above. In some embodiments, one or
more of the values given above may be used. In some embodiments, one or
more additional values may be used.

[66154] In some cases, performance may be degraded due to the non-
continuous valid DL subframes in TDD systems due to reduced opportunities for
performing cross-subframe channel estirnation.

[66155] In some embodiments, a number of repetitions supported may be
the same as in Rel-13. For instance, Ruax may be one of {1, 2, 4, §, 16, 32, 64,
128, 256, 512, 1024, 2048}, In some embodiments, the target MCL may be
reduced if no other enhancements are introduced. Embodiments are not limited

to the example values given above. In some embodiments, one or more of the
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values given above may be used. In some embodiments, one or more additional
values may be used.

(66156} In some embodiments, a largest number of repetitions may be
increased. For example, 3072 and/or 4096 may be used. In some embodiments,
an amount of possible repetition numbers may be the same as or similar to
numbers used in Rel-13 but with different values. In a non-limiting example, a
set of supported number of repetitions may be a subset of {1, 2. 4, 8, 16, 32, 64,
128, 256, 512, 1024, 2048, 3072, 40961 with two elements excladed, where the
two clements may be any numbers in the set (including but not limited to 1 and
4096). In another non-himiting example, one or more values may be added to an
existing sct. For instance, the set may be {1, 2, 4, 8, 16, 32, 64, 128, 256, 512,
1024, 2048, 3072}

[00157] In some embodiments, for transmission of NPDCCH, the UL
sub{rames may be treated as invalid DL subframes. NPDCCH transmission may
occur on valid DL subframes.

[00158]
DL HARQ processes than in Rel-13 NB-1oT or in Rel-14 {eNB-1oT. Inanon-

In some embodiments, the UE 102 may support more UL and/or

himiting exaraple, the maximum number of HARQ processes may depend on not
only the UE capability but also the TDD configurations. For instance,

min{ number of HARQ) processes depending on UE capability, max number of
HARQ processes in the considered TDD configuration} may be used. In some
cmbodiments, 4, 6, 8 or 10 HARQ processes may be used. Embodiments are not
limited to the example values given above. In some embodiments, one or more
of the values given above may be used. In some embodiments, one or more
additional values may be used.

[66159] In some embodiments, the maximum number of HARQ processes

in the considered TDD configuration may be the same as (and/or similar to) one

or more values used in legacy LTE TDD systems as given by the table below.

Maximum number

Maximum number

TDOD UL/DL
of DLHARQ of UL HARQ
configuration
processes processes
0 4 7
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1 7 4
2 10 2
3 9 3
4 iz 2
5 i5 i
& & &
[60160] In some embodiments, the maximum number of HARQ processes

in the considered TDD configuration may be the same as {(and/or similar to) one

or more values used in eMTC TDD systems, as given by the table below.

TOD UL/DL Maximurm number of
configuration HARQ processes
O 6
1 9
2 12
3 11
4 14
5 16
6 8
(60161} In some embodiments, a number of HARQ processes may be

smaller than what is supported in legacy LTHE or eMTC TDD systems. For
example, the max number of HARQ processes for DL/UL may be min{the max
number of DL/UL processes in LTE or eMTC, N}, wherein N may be a positive
integer, such as 4, 6, &, 10, 12 or 14. Alternatively, the max number of HARQ
processes for DL/UL may be {the max number of DL/UL processes in LTE or
eMTC - M}, wherein M may be a positive integer such as 1, 2 or 3.

[00162] In some embodiments, additional bit{s) may be introduced to the
field indicating the HARQ process 1D in DCI format N1 or NG, for example, 3
bits for up to § HARQ processes and 4 bits for up to 16 HAR{Q processes. In
some embodiments, a soft buffer size for UBs 102 supporting a larger number of
HARQ processes may be the same as (and/or similar to} value(s) used in Rel-14

eNB-ToT UEs 102, In a non-limiting example, a total mumber of soft channel
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bits may be 6400 bits for 1, 2 and more HAR(J processes.

[00163] In some embodiments, an NPDSCH may be used for TDD feNB-
10T cells. In some embodiments, a repetition pattern may be different from Rel-
13 NB-IoT NPDSCH. For example, parameter Z may be determined by min{X,
indicated number of repetitions} in TDD {eNB-IoT cells, wherein X may be any
integer. In a non-limiting example, X may be equal to 10. This value may be
similar to a value used for eMTC design in CE mode B, although the scope of
embodiments is not lumited in this respect.

(60164} In some embodiments, performance of NPDSCH may be
degraded due to the non-continuous valid DL sobframes in TDD systems. Ina
non-limiting example, a supported number of repetitions may be one of {1, 2, 4,
8, 16,32, 64, 128, 192, 256, 384, 512, 768, 1024, 1336, 2048}, In some
embodiments, a target MCL may be reduced.

[60165] In some embodiments, a largest namber of repetitions may be
increased. For example, 3072 and/or 4096 nay be used. In a non-limiting
example, the amount of supported number of repetitions may be the same as
{and/or similar to) value(s) used in Rel-13 but with different values. For
mstance, a subset of {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024,
1536, 2048, 3072, 4096} with two clements excluded may be used. As a non-
limiting example, the two elements may be any numbers in the set (such as 1 and
4096; 192 and 4096; and/or other). In another non-limiting example, the valae
may be one of {1, 2, 4, 8, 16,32, 64, 128, 192, 256, 384, 512, 768, 1024, 15386,
2048, 30721

[60166] In some embodiments, one or more techniques may be used to
compensate the impact of non-continuous DL subframes in TDD systems.
(68167 In some embodiments, no additional number of repetitions are
introduced in comparison {o a legacy design. The supported maximura DL TBS
may be reduced. A new TBS table may be introduced, with at Jeast some entries
having smaller TBS than the existing TBS table for Rel-13 NB-IoT. For
example, the TBS values {or certain resource allocation are reduced to the
integer closest to X mulitiplied by the TBS value in Rel-13 NB-IoT or Rel-14

elNB-1oT, where X may be any value within (0,1). For instance, valoes such as

43



WO 2019/032978 PCT/US2018/046241

h

10

15

.5, 1/3 and/or other may be used.

[00168] In some embodiments, a TBS table may be the same as (and/or
similar to) a table used in a legacy protocol. In a non-limiting example, a scaling
factor S may be predefined or indicated by the eNB 104 / gNB 105 via RRC
signaling or DCI. The TBS would equal to floor(X/S), round(X/S) or ceil (X/S).
wherein X is the indicated TBS by locking up the existing Rel-13 or Rel-14
{(e)NB-IoT TBS table.

1601691 In some embodiments, a maximum DL TBS may be the same as
{and/or similar to) value(s) used in Rel-13 NB-IoT (1000 bits) or Rel-14 (2536
bits), depending on UE capability. In some embodiments, a maximum DL TBS
of 2536 bits may be supported in TDD feNB-IoT. As another option, the
maximurg DL TBS may be further increased. In some cases, techniques
described herein may be used to improve the DL data rate, at the cost of MCL.
[8817¢] In some ernbodiments, for transmission of NPDSCH, the
configured UL subframes may be treated as invalid DL subframes. The
NPDSCH transmission may occur on valid DL subframes. In some
embodiments, the scheduling delay indicated by NPDCCH may count only the
valid DL subframes (for instance, excluding the configured UL subframes and
other invalid DL subframes).

(60171} In some embodiments, a timming relationship of cach HARQ
process may be the same as {(and/or similar {0} a timing relationship of a legacy
protocol (such as Rel-13 NB-IoT and/or other). In some embodiments, for UEs
102 supporting single HARQ process, one or more of the {ollowing may be
applicable: the start of UL A/N transmission is >=12ms later than the end of the
corresponding NPDSCH transmission; the start of DL A/N transmission 1s
>=3ms later than the end of the corresponding NPUSCH transmission; the start
of WPUSCH transmission is >=8ms later than the end of its associated NPDCCH
transmission; the start of an NPDCCH search space is >=4ms after the end of the
last NPDCCH search space; the start of NPDSCH transmission is >=4ms later
than the end of its associated DL assignment; the start of a BL transmission is
>=3ms later than the end of any NPUSCH transmission for the same UE 102Z;

and/or other. In some embodiments, for UEs 102 supporting more than one
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HARQ processes, one or more of the following may be applicable: a gap
between NPUSCH to any DL reception is > 1ms, a Rel-13 timing relationship
for each HAR() process may be used; and/or other.

[66172] In some embodiments, narrowband reference signals (NRSs) may

h

be used for TDD feNB-IoT cells. In some embodiments, a minimum set of

subframes in which NRSs are transmitted may be different from Rel-13/Rel-14

{(e)NB-IoT. Insome embodiments, in guard band/standalone modes, depending

on the supported TDD UL-DL configurations, the minimum set of subframes in

which NRS is transmitted may be {0, 6, 7, 8§, 9} which does not contain NSSS

10 (for example, in embodiments in which the supported TDD UL-DL
configurations arc existing TDD configurations 3-5 in LTE). In some
embodiments, if the feNB-IoT TDD cell introduces new TDD configuration(s)
{for instance, TDD UL-DL configuration(s) with subframes 0-4 being
configured as DL subframes), then the miniroum set of subframes that NRS 1s

15 transmitted may be {0, 1, 2, 3, 4} which does not contain NSSS.

[60173] In some embodiments, for in-band modes, depending on the
supported TDD UL-DL configurations, the minimum set of subframes where
NRS 1s transmitted may be {0, 6} which does not contain NSSS (for example, in
embodiments in which the supported TDD UL-DL configurations are existing

20 TDD configurations 3-5 in LTE). As another example, if the (eNB-IoT TDD
cells introduces new TDD configuration(s) (such as TDD UL-DL
configuration(s) with subframes 0-4 being configured as DL subframes), then the
minimuom set of subframes that NRS is transmitted may be {3, 1, 2} which does
not contain NSSS.

25 [60174] In some embodiments, the minimum set of subframes in which
NRS is transmitted may include the special subframe. For instance, with
existing TDD UL-DU configurations 3-3, the subfraroe #1 may also be defined
as one subframe in the minimum set of subframes carrying NRS. A mininum
set of symbols within the special subframe may be predefined to carry NRS, e.g.

30 symbols 3-2, or symbols 3-8, or symbols 3-9, or symbols 3-10, or symbols 3-11.

The minimum set of subframes wherein NRS is transmitted may be {0, 1, 6.7, 8,

9} for guard band/standalone modes, and {0, 1. 6} for in-band mode.
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1881751 In some cases, performance may be degraded due to the non-
continuous valid DL subframes in TDD systerns. To improve the performance,
NRS density may be increased. In some embodiments, the increased NRS
density may be applicable to alil NPDCCH/NPDSCH transmissions. In some
embodiments, the jocreased NRS density may be applicable to some or all
NPDCCH/NPDSCH transmissions. In some embodiments, the increased NRS
density may be applicable to one or more NPDCCH/NPDSCH trarsmissions. In
some embodiments, the increased NRS deusity may be applicable lo
NPDCCH/NPDSCH transmissions with nomber of repetitions larger than certain
value, denoted by Y. The parameter Y may be any integer. Non-limiting
example values of Y include 32, 256, 512, and 1024.

[66176] In some embodiments, usage of increased NRS density may be
configurable. In some embodiments, the usage of increased NRS density may be
indicated via the DCI scheduling the NPDSCH. Other elements may be used to
indicate the increased NRS density, in some embodiments. In some
embodiments, the usage of increased NRS density may be configured via higher
layer signaling. In some embodiments, the usage of increased NRS density may
be conligured via higher laver signaling when the number of NPDSCH
repetitions is larger than a specified value.

1661771 in a non-limiting example, the increased NRS may be transmitted
in symbols #3, 9, and/or 10, as Hustrated in FIG. 12. In some embodiments, the
NRS may be transmitted in the same symbols as in Rel-13 (for instance, symbols
#5, 6, 12 and 13), but at different subcarriers. For instance, the subcarriers next
to the ones used for NRS transmission in Rel-13 NB-IoT may be used.
Embodiments are not limited to those subearriers, as other arrangements are
possible.

[60178] In some embodiments, the NRS may be transmitted 1o symbols
and subcarriers that are different from Rel-13 design. For instance, the NRS
may be transmitted in symbols #3, 9, and/or 10 and in the subcarriers next to the
subcarriers used for NRS transmission in Rel-13 NB-IoT.

(00179 In some cmbodiments, NPDCCH and/or NPDSCH may be used

for TDD [eNB-IoT. In some embodiments, a parameter (G to define the
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NPDCCH search space may be increased. In some embodiments, a supported
repetition number of NPDCCH and/or NPDSCH may be increased. In some
embodiments, more HAR(} processes may be supported for DL and/or UL
transmission in TDD feNB-IoT, and additional bits are added to the HARQ
process 1D field in BCL In some embodiments, the TBS for NPDSCH may be
the same as pre-release {¢)NB-IoT: may be increased; may be reduced; or may
be mapped to more resources. In some embodiments, a timing relationship for
each HARQ process may follow Rel-13 NB-IoT timing relationship. In some
embodiments, an NRS density may be increased. In some cmbodiments, an
NRS location may be moved to symbols before 10 for DL transmission in
DwPTS. Insome embodiments, a soft buffer size for Rel-15 feNB-1IoT TDD
UEs 102 may be the same as for Rel-14 eNB-IoT UEs 102, regardless of how
many HARQ processes are supported.

[8018¢] In some embodiments, NPSS and NS5S may be used for TDD
feNB-IoT cells. In some embodiments, the NPSS and NSSS sequences and/or
transmission locations may be the same as (and/or similar to) clements used in
the Rel-13 NB-1oT design.

(601811 In some embodiments, the NPSS sequence and/or ifs covering
code can be different from Rel-13 NB-IoT. By detecting the different NPSS, the
UE 102 may determine is the system is a TDD system.

601821 In a non-limiting example, the NSSS can be transmitted in a same
NB-IoT carrier in which an NPSS is transmitted. For example, the NPSS can be
transmitted in subframe 5 while NS5S can be transmitied in subframe 6, as
illustrated in FIG. 13. In a non-limiting example shown in FIG. 13, in 1300, the
NPBCH 1311, NPSS 1312, NSSS 1313 and SIB1-NB 1314 are trapsmitied on
the same carrier. The NSSS 1313 and the SIB1-NB 1314 are transmitted in
different radio frames (NSSS 1313 is transmitted in 1305, SIB1-NBE 1314 15
transimitted in 1310).

[00E83] In another non-limiting cxample shown in FIG. 13, in 1350, the
NPBCH 1361, NPSS 1362, NSSS 1363 and SIB1-NB 1364 are transmitied on
the same carrier. The NPSS can be transmitted in subframe 5 while NSSS can be

transimtied in sobframe §. The NS5S 1363 and the SIBI-NB 1364 are
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transmitted in different radio frames (NSSS 1363 is transmitted in 1355, SIB1-
NB 1364 is transmitted in 1360).

(601841 Alternatively, the NPSS can be transmitted on subframe 6 and the
NSSS5/5IB1-NEB can be transmitted on subframe 5. As another example, the
NPSS and the NSSS can be transmitted on subframe O and 5. For example, the
NPSS may be transmitted on subframe O and the NSSS may be transmitted on
subframe 5; or the NPSS may be transmitted on subframe S and the NSSS may
be transmitted on subframe 0. In some embodiments, subframes that can be
configured as MBSFN can be used for NB-IoT (for instance, by puncturing the
LTE MBSEN transmission on the NB-loT carriers), and the NPSS and NSSS
can be transmitted on subframe 0, 5 or 9. For example, the NPSS can be
transmitted on 5 while NSSS can be transmitied on subframe 0 or 9. More
examples with NPSS and NSSS transmitted on the same carrier are illustrated in
FIG (the one with d and e},

[60185] In another non-limiting example, the NSSS can be transmitted in
a different carvier different from carrier(s) in which the NPSS is transmitted.
The carrier with NSSS transmission can be predefined, with a fixed offset {rom
the carrier where NPSS is transmiitted. For example, the next or prior carrier
with respect to the carrier with NPSS may be used. For example, for in-band and
guard-band operation mode, the carrier with NPSS can be the candidate anchor
carrier defined in Rel-13 NB-IoT (such as in the table below). The index of the
carrier for NSSS can be cqual to a sum of the index of carrier with NPSS and a
number K. In some embodiments, K may be predefined (such as K=1 and/or
other value). In this example, the carrier with NSSS may not be subject to a

channel raster consiraint,

LTE  system |3MHEz {5MHz 16MHz 15MHz 20MHz
bandwidth

PRB  indices|2, 12 2,7,17, 14,9, 14, 2,7,12,17,22,14.9, 14, 19, 24,

for nNB~ 22 19, 27,32,42, 47, 129, 34,39, 44, 55,
PSS/SSS 30, 35, 40, |52 57,6267, |60,65,760.75, 80,
{ransmission 45/ 72 85, 90, 95

[60186] As another example, the carrier with NPSS and the other carrier

with NSSS can be both on the candidate anchor carriers defined in Rel-13 NB-
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1oT (such as two carriers selected from the table above). In this example, the

NPSS can be transmiited on PRB index N, while the NSSS can be transmitted on

N+K, wherein K 1s predefined. In cases in which K=10, the carrier with NPSS

can be one of the PRB given by the table below.

LTE system
3MHz SMHz 10MHz 15MHz 20MHz
bandwidth
PRB indices for 4,9,14, 19, 24,
2,7,412,17,22,
NB-PSS 4,9, 30, 29, 34, 55, 60,
2 2,7 32,42,47, 52,57,
fransmissionin 35 2 65,70, 75, 80,
TDD feNB-loT 85
[00187] In cases in which K=-10, the carrier with NPSS can be one of the
PRB given by the table below.
LTE system
3MHz 5MHz 10MHz 15MHz 20MHz
bandwidth
PRB indices
12,17,22, 14,19, 24, 28,
for NB-PSS
14,15, 27,32,43, 34, 39, 44, 65,
transmission 12 17,22
40, 45 52,57, 62, 70,75, 80, 85,
inTDD
67,72 94, 85
feNB-ioT
[G0E8%] In some embodiments, the NSSS can be iransmitted in subframe

{0 or 5 on a carrier different from what is used for NPSS transmission. In a non-

limiting example, the NPBCH can be transmitted on subframe 0 on the carrier

with NPSS, while NSSS5/51B1-NB can be transmitted on subframe Qon a

different carrier. Referring to FIG. 14, examples 1400 and 1410 illustrate this

concept. The NSSS and SIB1-NB are transmitted on different carriers. The

NSSS and SIB1-NB are transmitted in different subframes. The NPBCH can be

transmitted on both carriers or only on one of these carriers (as shown in this

examples).

[00189]
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i subframe O on the carrter with NSSS, while NSSS can be transmitied in
subframe 5. Referring to FIG. 14, examples 1450 and 1460 illustrate this
concept. The NPSS and NSSS/SIB1-NB are transnitied on different carriers.
The NSSS and 5IB1-NB are transmitted in the same subframe but in different
radio frames. The NPBCH can be transmitted in both carriers {(as shown in
1450) or only on one of these carriers {as shown in 1460). Note that another
alternative of lower example is transmussion of NSSS and SIBI-NB in SF 0 in
alternate radio frames, while the SF 5 1s available for other DL transmissions
{which may be based on gNB 105/eNB 104 scheduling, in some cases).
188196] In some embodiments (inclading but not limited to one or more
of the examples given above), the TDD (eNB-IoT cell may need to support at
feast two NB-IoT carriers.

[66191] In the example 1500 in FIG. 15, the NPBCH, NPSS, NSSS and
SIBI-NB are transmitted on the same carvier, where NSSS and SIB1-NB are
transmitted in different subframes. In the examples 1510, 1520, 1530 in FIG.
15, the PSS and NSSS are transmitted on the same carrier, while the MIB-
NB/SIB1-NB can be transmitted on different carviers. In the example in 1540 mn
FIG. 15, the NPBCH, NPSS, NSSS and SIB1-NB are transmitted on the same
carrier, and the NSSS and SIB1-NB are transmitted in the same subframe but in
different radio frame. In some embodiments, NPSS can be transmitted in a
special subframe, although the scope of embodiments is not Hmited in this
respect.

1881921 In some embodiments, a SIB-NB may be used for TDD feNB-IoT
cells. In some embodiments, TDD/FDD differentiation and/or TDD UL-DL
configuration may be indicated by the system information block (such as SIB1-
NB and/or other). The system information of the SIB1-NB and/or other block
may imclude an indication for TDD/FDD differentiation and/or TDD UL-DL
configuration. In a non-limiting example, the TDD/FDD differentiation can be
explicitly indicated via 1 bit. In another non-limiting example, the TDD/FDD
differentiation can be explicitly indicated via any number of bits. In another
non-limiting example, the TDD/FDD differentiation can be implicitly indicated.

The absence of TDD UL-DL configuration indication may imply that the system
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is FDD.

[00193] In some embodiments in which TDD UL-DL configuration is
indicated by SIB1-NB, one example is to reuse the downlinkBitmap field in
SIB1-NB for the indication of valid DL subframes taking into account the TDD
UL-DL configuration. The UE 102 may assume the rernaining sublrames as
valid UL subframes, or another ficld can be introduced to indicate the valid UL
subframes.

1601941 In some embodiments, the index of TDD UL-DL configuration
can be indicated in SIB1-NB. Then the valid DL subframes for feNB-foT are
the subframes that are DL according to the TDD UL-DL configuration and are
also indicated by the downlinkBitmap as the valid DL subframes.

[¢0195] In some embodiments, scheduling mformation for other system
information carried in SIB1-NB can include the carrier indication where the
other system information to be sent. This can be used in embodiments in which
the SIB1-NB and other system information can be transmitted on different NB-
10T carriers.

(601961 in some embodiments, in Rel-13/Rel-14 (e)NB-IoT, 5IBI-NB is
transmitted in subframe #4. Recall that in TDD systems, the subframes #3, 4, 7,
8 and @ may be configured as MBSEN subframes. Thus, the SIB1-NB
transmission subframe may need to be updated to another subframe which
cannot be configured for MBSFN. For example, SIBI-NB can be transmitted in
subframe #1, 2, 5 or 6. The NFSS and/or NS3S can be transmitied on subframe
#1, 2, 5 or 6. Taking into account the subframes used for NPSS and NSSS
transmission, the following embodiments for SIB1-NB transmission can be
considered.

(66197 In some embodiments, the SIB1-NB can be transmitted in the
same subframe as NSSS transmission but 1o a different radio frame on the carrier
in which NPSS is transmitted. For example, the NPSS can still be transmitted on
subframe #5 (which may be the samc as or similar to a technique of Rel-13 NB-
10T, although the scope of embodiments is not limited in this respect}, while
NSSS and SIB1-NB can be transmitted on subframe #6. The NSSS and SIB1-

NB may be trapsmutted in alternate radio frames. For instance, the NSSS may be
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transmitted in an odd radio frame and the SIB1-NB may be transmitted in an
even radio frame; the NSSS may be transmitted in an even radio frame and the
SIB1-NB may be transmitted in an odd radio frame; and/or other. As another
example, NSS8S and SIB1-NB can be transmitted on subframe #5 in alternate
radio frames, on the carrier different from the carvier with NPSS, or on the same
carrier with NPSS where NPSS is transmitted in special subframe.

[66198] The following examples can be considered to determine which
radio frame 1s used for NSSS and which is used for SIB1-NB. In a nop-limiting
example, the NSSS can be transmitted in an cven radio frame, while the SIB1-
NB is transmitted in odd radio frame, or vice versa. In another non-limiting,
example, the NSSS is transmitted in an even radio frame when PCID mod 2 = 1
and 1o odd radio frame when PCID mod 2 = 0, while SIB1-NB is transmitied
based on the table below. This scheme may limit the randomization across cells
in certain cases. For instance, when the number of SIB1-NB repetitions is 16, all
the cells may have SIB1-NB starting radio frame at SFN mod 256 = 0 (if SIB1-
NB is transmitted in even radio frame) or SEN mod 256 = 1 (if SIBI-NB is

transmitted in odd radio frame).

PCIDmod 4=0 SFN mod 256 =0

PCIDmod4 =1 SFN mod 256 =17
4

PCIDmod 4 =2 SFN mod 256 = 32

PCiDmod 4 =3 SFN mod 256 = 49

PCIDmMod 2=0 SFN mod 256=0
8

PCIDmod 2=1 SFN mod 256 =17

[
b
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PCIDmod2=0 SFNmod 256 =0
16
PCiIDmod2=1 SFNmod 256=1
1881991 Alternatively, the NSSS may be transmitted in odd radio frame

(921

when PCID mod 2 = 1 and in even radio frame when PCID mod 2 = 0, while

SIBI-NB 1s transmitted based on the table below,

PCIDmod4 =0 SFNmod256=1

PCIDmod4=1 SFN mod 256 =16
4

PCIDmod4=12 SFN mod 256 = 33

PCIDmodd4=3 SFN mod 256 = 48

PCIDmod 2=0 SFN mod 256=1
&

PCIDmod2=1 SFN mod 256 = 16

PCIDmod2=0 SFNmod256=1
16

PCIDmod2=1 SFNmod 256=0

[80260] In some embodiments, SIB1-NB scheduling can still follow Rel-

13 NB-IoT design, i.e., depending on the PCID, and the radio frame carrying

NSSS transmission also depends on the PCID, e.g. NSSS 1s transmitied in even

radio frame if PCID mod 2 = 1 and NS5S is transmitted in odd radio frame if

8
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PCID mwod 2 = 0 if the nomber of SIB1-NB repetitions is 16; otherwise, the
NSSS is transmitted in odd radio frames. With this example, the UE 102 may not
necessarily know the exact 80ms boundary before detection of MIB-NB, and
thus hypothesis tests for whether the radio frame is the {irst one or second one of
80ms boundary may be needed.

[60261] In some embodiments, the SIB1-NB can be transmitted in a
subframe different from the subframes used for NPSS and NSSS transmoission on
the carrier with NPSS transmission. For example, NPSS can still be transmitted
on subframe #5, while NSSS and SIB1-NB can be transmitted on subframe #1
and #6, respectively. Alternatively, the NPSS, NSSS and SIB1-NB can be
transmitted on subframe #1, 6 and 5, respectively, as illustrated in 1500 in FIG
15. In some embodiments, the NPSS can be transmitied on the special subframe.
In some embodiments, the SIB1-NB can be transmitted on the carrier different
from the carrier with NPSS transmission. The carrier with SIB1-NB
transmission can be indicated by MIB-NB or be predefined. This embodiment
can be applied to the TDD feNB-IoT cell supporting at least two NB-IoT carriers
to transmit SIB1-NB. The subframe used for SIB1-NB can be the same as the
subframe for NPSS/NSSS/NPBCH. ¢.g. subframe #0, 5 or 6 can be used.
Examples are shown in FIGs. 13 and 14.

(002621 1t should be noted that combinations of above embodiments may
be used. For example, in certain TDD configurations, the SIB1-NB can be
transnyited on the carrier with NPSS transmission, while in other TDD
configurations {e.g. with limited number of DL subframes), the SIB1-NB can be
transmitted on the carrier different from where NPSS is transmitted. In this
example, the TDD configuration can be indicated by MIB-NB such that the UE
102 knows which transmission scheme is used for SIB1-NB, or alternatively the
absent indication of additional carrier for SIB I-NB transmission implies that the
SIB1-NB is transmutted on the anchor carrier.

[00263] In some embodiments, transmission of system information other
than SIB1-NB may be performed. Other SEBs can be transmitted in the similar
method as in Rel-13 NB-IoT. where the scheduling information s carried in

SIBI-NB. The following embodiments can be considered for the interpretation
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of scheduling information. In some embodiments, the scheduled subframes are
the absolute subframes. If some of the subframes scheduled for SIB transmission
are not vahd DL subframes for feNB-1o7T, the transmission on these invalid DL
subframes is punctured. In some embodiments, the scheduled subframes are the
absolute subframes. If some of the subframes scheduled for SIB transmission are
not valid DL subframes for feNB-1oT, the transmission on these invalid DL
subframes is postponed to the following valid DL soblrames. In some
embodiments, the scheduled subframes are not absolute subframes, but only take
nto account the valid DL subframes for feNB-IoT. In some embodiments,
system information other than SIB1-NB 1s transmitted on the carrier same as
where SIB1-NB 15 transmitted or same as where MIB-NB or NPSS is
transmitted. Alternatively, the system information other than SIB1-NB can be
transmitted on the other carriers, which can be indicated by SIB1-NB.

[60204] In some embodiments, MIB-NB may be ased for TDD feNB-IoT
cells. In some embodiments, the transmission method of MIB-NB can foliow
the Rel-13 NB-ioT design. where the MIB-NB is transmitted on the carrier same
as the one with NPSS transmission. In one example, MIB-NB is transmitted in
subframe O every 10ms on the carrier same as where NPSS is transmutted.
Alternatively, MIB-NB can be transmitted on subframe 0, 50r 9, e.g. with
transmission periodicity of 10ms. As another example, MIB-NB can be
transmitted on subframe 0, 5 or 9 every 20ms. With this example, to enhance the
MIB acquisition timme, MIB-NB can be additionally transmitted during DwPTS
{e.g. in subframe 1). MIB-NB and NSS5S or SIB1-NB can be TDMed in this
example, e.g. transmitted in alternate radio frames on subframe 0, 5 or 9.
[G0205] In some embodiments, the MIB-NB can be transmitted on a
carrier different from the carrier with NPSS. For example, the MIB-NB can be
transmitted on the same carrier as where NPSS is transmitted, and additionally
transmitted in the carvier with NSSS/SIB1-NB on subframe 0 (including but not
limited to scenarios such as in 1450, 1460 in F1G. 14). Alternatively, the MIB-
NB can be only transmitted on the carrier with NSSS or SIB1-NB, which may be
different from the carrier with NPSS transmission (including but not limited to

scenarios such as i 1510, 15320, 1530 m FIG. 15). In some embodiments, the

4]
(921



WO 2019/032978

h

10

15

PCT/US2018/046241

MIB-NB can be transmitted only on SF 0 of the carrier different from carrier
with NPSS, while in some other embodiments, the MIB-NB can be transmitted
on both SF 0 and SF 5 of the carrier different from the carrier with NPSS.
[66206] in some embodiments, the carrier different from the one with
NPSS transmission can be predefined. e.g. the one next to the carrier with NPSS
transmission. Alternatively, it can be K PRB away from the carrier with NPSS.
In exaroples where both NPSS carrier and the carrier with NPBCH are the
candidate anchor carrier in Rel-13 NB-IoT, K can be 10 or -10, with the NPSS
carrier limiting to certain PRB indices, as shown previous tables for K= 10 and
K =-10. By adopting different NPSS/NSSS designs from FDD NB-loT
systems, UE 102 may be able to determine whether the system is a TDD system
and know which carrier to receive MIB-NB.

[00207] In some embodiments, the design of NPSS, NSSS, and/or MIB-
NB are the same for different operation modes, e.g. in-band, goard-band and/or
standalone modes. Alternatively, the design of NPSS, NSSS and/or MIB-NB can
be different for different operation modes, e.g. same in in-band and guard-band,
but different in standalone modes.

[80208] In some embodiments, regarding the contents of MIB-NB, certain
information bits and/or spare bits can be re-interpreted. In some embodiments in
which the TDD/FDD differentiation and/or TDD UL-DL configuration is
indicated by MIB-NB, spare bits in MIB-NB can be used for these indications.
In one example, the TDD/FDD differentiation can be explicitly indicated via 1
bit. In one example, the TDD/FDD differentiation can be implicitly indicated.
The absent of TDD UL-DL configuration indication implies that the system is
FDD.

[66209] In some embodiments, the scheduling information of SIB1-NB
can be re-interpreted. In cases in which the SIB1-NB 15 transmitied only in even
radio frame or odd radio frame, the table below may be used, wherein x=(0 for
cases with SIBI-NB transmission only on even radio frame and x=1 {or cases

with SIB1-NB transmission only on odd radio frame.
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PCIDmMod4=0 SFN mod 256 = O+x
PCiDmod4=1 SFN mod 256 = 16+x

4
PCIDmod4=2 SFN mod 256 = 32+x
PCiIDmod4=3 SFN mod 256 = 48+x
PCIDmMod 2=0 SFN mod 256 = O+x

g
PCiIDmod2=1 SFN mod 256 = 16+x

16 Al PCID SFN mod 256 = X

[66210] in some embodiments, in cases in which SIB1-NB is transmitted

in subframe index that s different from what 1s used for NPSS or NSSS, onc of
the tables above may be used {or determining the starting radio frame of SIB1-
NB repetitions. The information bits in MIB-NB for SIB{-NB scheduling
information in these cases can be interpreted the same as Rel-13 NB-1oT, except
that the subframe #4 which is used for SIB1-NB transmission in Rel-13 NB-IoT
is updated to the other subframe that 1s designed for SIB1-NB transmission in
TDD feNB-1oT celis.

(602111 In some embodiments, in cases in which SIB1-NB can be
transmitted on non-anchor carrier, the carrier used for SIB1-NB transmission can
be indicated by the MIB-NB. For example. some of the spare bits in MIB-NB
can be used for indication of the non-anchor carrier used for SIB1-NB
transmission. The indication can be in terms of offsct with respect to which the

anchor carrier carrying the MIB-NB., or be in terms of the carrier within the
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systems.

(662121 In some embodiments, the number of repetitions, subframes for
SIB1-NB transoission and TBS can be indicated similar as the indication on
anchor carrier in Rel-13 NB-IoT. The subframes/radio frames used to send
SIBI-NB in anchor carrier and noun-anchor can be different or the same.

[60213] In some embodiments, for which subframe to send SIB1-NB on
non-anchor carrier, in one example, the SIB1-NB on non-anchor carrier can be
sent on SF 0 as in anchor carrier. Alternatively, the SIB1-NB can be sent on
other SFs, e.g. SF 5, or 9. In some embodiments, for which radio frame to send
SIB1-NB on non-anchor carrier, in one example, SIB1-NB on non-anchor carrier
can be always sent on odd radio frame as in anchor carrier. Alternatively, the
radio frame can depend on PCID as in Rel-13 NB-IoT.

[66214] In some embodiments, the table below may be used to configure
the radio frame to send SIB1-NB on non-anchor carrier, where x canbe 1 as on
anchor carrier and the starting radio frame with 16 repetitions can be modified
by be always on SFN mod 256 = x for all PCID in one example, or X can be 0 in
another example. Alternatively, x can be 128 where the max number of SIB1-
NB transmusstons that can be carried on the non-anchor carrier would be 8 in this
example. This can be used when SIB1-NB is sent on both anchor and non-
anchor carrier, where the first half of repetitions are sent on anchor carrier, while
the remaining half of repetitions are sent on non-anchor carrier, or vice versa. In
one example, whether the first or second half of repetitions are sent on anchor
casrier while others are sent on non-anchor carrier can depend on cell 1D, e.g.
x=0 for PCID mod 2 =0 and x=128 for PCID mod 2 = 1 or vice versa. The
values of Rup-sig1 supported on non-anchor can be a subset of {4, 8, 16}, e.g.
only 4 or 8, or only 8, or only 16. The value of x can depend on whether SIB1-
NB is configured to be sent only on anchor carrier or on both anchor and non-

anchor carrier.
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PCID mod 4
0 SFN mod 256 = O+x
PCID mod 4
: SFN mod 256 = 16+x
4
PCID mod 4
, SFN mod 256 = 32+x
PCID mod 4
3 SFN mod 256 = 48+x
PCID mod 2
0 SFN mod 256 = 0+x
8
PCID mod 2
. SFN mod 256 = 16+
PCID mod 2
9 SFN mod 256 = 0+x
16
PCID mod 2
: SFN mod 256 = 14+x
1662151 in some embodiments, the offset between the anchor carrier and

the non-anchor carrier carrying the SIB1-NB can be predefined, and thus there
may not necessarily be a need for explicit indication of the non-anchor carrier for
SIB1-NB transmission. In one example, the offset can be determined from a
predefined mapping based on PCID, e.g. PCID mod K, where K 15 the nomber of
carriers configured in the NB-IoT cell or a predefined integer. Alternatively, N
predefined offsets can be possible, and ced(Jog2(N}) spared bits in MIB-NB can
be used to indicate one from the N potential non-anchor carriers to carry SIB1-
NB, e.g. N=2 or N=4. As another example, N can be 1 or 3, where the extra
status can be used to indicate that the SIB1-NB is sent on the anchor carnier only.
[68216] In some embodiments, SIB1-NB can be sent on both anchor and
non-anchor carriers. In some embodiments, the following examples can be
considered. Whether SIB1-NB transmission is sent on both anchor and non-
anchor, or either anchor or non-anchor carrier 1s implicitly indicated. For

example, when the SIB1-NB repetition number is set to 16, the SIBI1-NB is
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transmitted on both anchor and non-anchor carrier if non-anchor carrier is
configured; otherwise, the SIB1-NB is always sent on the anchor carrier. In this
example, N-1 non-anchor carrier and no configuration of non-anchor carrier for
SIB1-NB can be indicated in MIB-NB via ceil{logZ(N}} bits, e.g. N=2 or 4 using
I or 2 reserved bits in MIB-NB respectively.

(602171 In some embodiments, whether SIB1-NB transmission is sent on
both anchor and non-anchor, or either anchor or non-anchor carrier is expheitly
indicated. The ceil{logZ{N+M-+1}) reserved bits in MIB-NB can be used to
indicate the following status: “SIB1-NB is sent only on anchor carrier”, “SIB1-
NB is sent only on non-anchor carrier x” where there can be N predefined x
values, and “SIB-NB is sent both on the anchor carrier and on non-anchor carrier
x” where there can be M predefined x values. For example, {N, M} can be {2,
1}, {1, 2} {3, 4}, {4, 3}, and/or other.

(80218} In some embodiments, if SIB1-NB 1s sent on both anchor and
non-anchor carrier, there may not necessarily be no additional bits to indicate the
SIB1-NB scheduling information. For example, the SIB1-NB repetitions
indicated by MIB-NB can be Y, then Y/2 repetitions will be sent on anchor and
non-anchor carriers respectively. Aliernatively, the number of repetitions for
SIB1-NB indicated by MIB-NB is Y, and Y repetitions are sent on anchor and
non-anchor carriers, respectively.

1662191 in some embodiments, the NPSS, N§SS, MIB-NB and SIB1-NB
can be transmitted on the same carrier as in Rel-13 NB-IoT, or alternatively
transmitted on different carriers. For the embodiments where the NPSS, NSSS,
MIB-NB and SIB1-NB are transmitted on the same carrier, the anchor carrier
deflinition can {ollow Rel-13 NB-IoT, i.e. the carrier carrying these
signals/channels is defined as the anchor carrier. For the embodiments where the
NPSS, NSSS, MIB-NB and SIB1-NB are trapsmitied on different two carviers,
the following anchor carrier definition can be considered. In a von-hmiting
example, the carrier with NPSS transmission is defined as the only anchor
carrier. The other carrier with NSSS/MIB-NB/SIB1-NB is defined as non-anchor
carrier. In another non-limiting example, the carrier in which the UE 102

receives higher layer parameter “operationModeInfo” 1s defined as the only
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anchor carrier. The other carrier with NPSS/NSSS/SIB1-NB is defined as non-
anchor carrier. In another non-limiting example, the two carriers with
NPSS/NSSS/MIB-NB/SIBI-NB are defined as the anchor carriers.

[66220] In some embodiments, the RRM measurement is defined for
anchor carrier only. Alternatively, the RRM measurement can be defined for
carriers with transmission of at least one signal/channel from [NPSS, NSSS,
MIB-NB, SIBI-NB}, or at least two signals/channels from {NPSS, NSSS, MIB-
NB, SIBI-NB!, e.g. only the carrier with NPBCH transmission, or the carrier
with both NPSS and NPBCH transmissions, or the carrier with NSSS and
NPBCH transmissions, or N58SS and SIBI-NB transmissions, or both carriers
with NPSS/NSSS/NPBCH/SIB1-NB transmissions, depending how these
signals/channels are transmitied on different carriers.

[060221] In some embodiments, for cases in which the NPSS, NSSS, MiIB-
NB and SIB1-NB are transmiited on different two carriers, in one embodiment,
the UE 102 may assume that NRS presents on the same subframes on the two
carricrs with NPSS/NSSS/MIB-NB/SIB1-NB transmissions.

1662221 in some embodiments, for cases iy which the NPSS, N5S5, MIB-
NB and SIB1-NB are transmiited on different two carriers, the EPRE ratios of
NRS on the two carriers with NPSS/NSSS/MIB-NB/SIB1-NB transmissions can
be indicated by higher layer signaling. In addition, the EPRE ratio between NRS
and NSSS oun the two carriers with NPSS/NSSS/MIB-NB/SIB1-NB
transmissions can be indicated by higher layer signaling. As another example,
the UE 102 may assume the power for NRS transmission on the two carviers are
the same, and/or the power for NS5S transmission on the two carriers are the
same.

[66223] In some embodiments in which NPSS, NSSS, MIB-NB and/or
SIB1-NB can be transroitted on different carriers, the UE 102 may only receive
or transmit on one NB-IoT carrier at each instance. It can receive different
transmissions from different carriers at different time instances, by retuning to
different NB-IoT casriers. One or more of the following embodiments can be
used for determination of NPDCCH search space, and where NPDSCH is
transmutted, when there are multiple NB-IoT carriers used for NPSS/NSSS/MIB-
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NB/SIB1-NB transmission. In some embodiments, in RRC _IDLE mode, the UE
102 may camp on the NB-IoT carrier on which the UE 102 receives NPSS.
Alternatively, the UE 102 may camp on the NB-loT carrier on which the UE 102
receives NSSS, NPBCH or SIB1-NB.

(602241 In some embodiments, the UE 102 may chose the carrier as the
paging PRB based on UE ID, with similar method as defined in Rel-14 non-
anchor PRE enhancement. The paging message on NPDSCH is scheduled by
NPDCCH on the same PRB.

[66225] In some embodiments, for NPDCCH ordered NPRACH, the DCI
indicates which carrier to be used for random access procedure. In some
embodiments, the NPDCCH UE-specific secarch space is indicated by dedicated
RRC signaling. Before such configuration, the UE 102 may assume all
transmissions occur on the NB-IoT carrier where it received NPSS, or the NB-
{oT carrier where it recetved NSSS, or the NB-IoT carrier where it received
NPBCH, or the NB-IoT carrier where it received SIB1-NB. After receiving
message 4, if the UE 102 cannot be RRC reconfigured, the UE 102 may use a
previous configured dedicated RRC configuration.

[60226] In some embodiments, the NPRACH resources, including which
NB-IoT carrier t0 be used, are indicated by higher layer signaling, e.g. in SIB2-
NB. The following NPDCCH and NPDSCH monitoring during the random
access procedure can be at the same NB-IoT carrier as where NPRACH is sent,
or be configured by higher layer signaling as well. In some embodiments, the
NPDSCH/NPUSCH can be sent on the same carrier where NPDCCH scheduling
the NPDSCH/NPUSCH is sent. Alternatively, the DCI can indicate the NB-IoT
carrier for NPDSCH/NPUSCH.

(662271 in some embodiments, synchronization signals and system
mformation may be used for TDD feNB-1oT. In some embodiments, the NPSS
and NSSS can be transmitted on the same NB-JoT carrier. In some
embodiments, the NPSS and NSSS can be transmiited on different NB-{oT
carriers. In some embodiments, the NPSS may be transmitted on the NB-IoT
carrier satisfying the raster constraint. In some cmbodiments, the NPSS and

SIBI-NB or MIB-NB can be transmittted on different NB-IoT carriers. In some

62



WO 2019/032978

h

10

15

PCT/US2018/046241

embodiments, SIB1-NB and MIB-NB can be transmitted on different NB-IoT
carriers. In some embodiments, the offset from the NB-IoT carrier with
NSSS/SIBI-NB/MIB-NB transmission is predefined. In some embodiments,
SIB1-NB and NSSS can be transmiited on the same subframe in alternate radio
frame. In some embodiments, the NB-IoT carrier with SIB-NB other than SIBI-
NB can be the same NB-IoT carrier as where NSSS is sent, or be indicated by
SIBI-NB. In some emmbodiments, scheduling information in SIB1-NB for other
SIB-NB, or in MIB-NB for SIB1-NB can be reinterpreted. In some
cmbodiments, multiple anchor carriers can be defined. In some embodiments,
the NPD{CCH search space and where NPDCCH is scheduled can be configured
by higher layer signaling, or be the same as the NB-IoT carrier with NPSS,
NSSS, MIB-NB or SIB1-NB transmission for certain cases {¢.g. for idle mode,
or transmission before RRC configuration), or be based on UE-ID. In some
embodiments, NPSS, NSAS and/or MIB-NB can be transmitted in subframe 0, 5
and/or 9, wherein the transmission of NPSS/NSSS/MIB-NB/SIB1-NB on
subframe 9 would puncture the MBSFEN transmission on the NB-1oT carrier(s) if
subframe 9 1s configured for MBSEN for in-band mode. In some embodiments,
the SIB1-NB can be sent on both anchor and non-anchor carvier. In some
embodiments, the SIB1-NB scheduling info on non-anchor carrier can be
indicated the same as on anchor carricr, or the same as in FDD NB-IoT systems
expect the potential change of subframe to send SIB1-NB.

(60228} In Example 1, an apparatus of a User Equipment (UE) may
comprise memory. The apparatus may further comprise processing circuitry.
The processing circuitry may be configured to decode, from a generation Node-
B (gNB), a narrowband physical downlink control channel (NPDCCH) that
indicates a number of narrowband internet-of-things (NB-IoT) downlink
subframes for a downlink scheduling delay of a narrowband physical downlink
shared channel (NPDSCH) in one or more radio frames configured for time-
division duplexing (TDD) operation. Subframes of the one or more radio frames
may include uphnk subframes, NB-IoT downlink subframes for downlink NB-
{oT transmissions, and downlink subframes for other downlink transmissions.

The processing circuiiry may be further confligured to determune the downlink
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scheduling delay based on a count of NB-IoT downlink subframes elapsed since
an end of the NPDCCH. The downlink scheduling delay may be determined
based on an earliest subframe for which a count of NB-IoT downlink subframes
is equal to the number of NB-IoT downlink subframes indicated in the
NPDCCH. The memory may be configured to store at least a portion of the
NPDCCH.

[66229] In Example 2, the subject matier of Example 1, wherein the
NPDCCH may further indicate a number of repetitions of the NPDSCH. The
processing circuitry may be further configured to decode multiple repetitions of
the NPDSCH. A first chronological repetition of the NPDSCH may be received
from the gNB in accordance with the downlink scheduling delay.

(66236} In Example 3, the subject matter of one or any combination of
Examples 1-2, wherein the processing circuitry may be further configured to
decode, from the gNB, a system information block type-1 narrowband (SIB1-
NB) that includes a plurality of configuration bits. At least some values
indicated by the configuration bits may indicate different candidate subframe
configurations for TDI} operation for the radio frames.

(602311 In Example 4, the subject matter of one or any combination of
Examples 1-3, wherein the processing circuiiry may be further configured to
determine, based on an indicator included in a system information block type-1
narrowband (SIB1-NB) received from the gNB, a subframe counfiguration for the
radio frames. The radio frames may include ten subframes indexed in a range of
zero to nine. In each radio frame, the subframe indexed by five may include a
narrowband primary synchronization signal (NPSS). In alternating radio frames,
the subframe indexed by zero may inclade a narrowband synchronization signal
{INSSS).

(602321 In Example S5, the subject matter of one or any combination of
Examples 1-4, wherein the subframe configuration may be one of a plurality of
candidate subframe configurations. For cach of the candidate subframe
configurations, at least the subframes indexed by zero, five, and nine may be
alocated as downlink subframes.

(602331 In Example 6, the subject matter of one or any combination of
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Examples 1-5, wherein the UE may be arranged to operate in accordance with a
further enhanced narrowband internet-of-things (feNB-IoT) protocol.

1662341 In Example 7, the subject matter of one or any combination of
Examples 1-6, wherein the apparatus may further include a transceiver to receive
the NPDCCH. The processing circuitry may mnchude a baseband processor to
decode the NPDCCH.

(66235} In Example §, a computer-readable storage mediom ruay store
instructions for execution by one or more processors to perform operations for
communication by a generation Node-B (giNB). The operations may configure
the one or more processors to encode, for transmission, a narrowband physical
downlink control channel (NPDCCH) that schedules transmission of a
narrowband physical downlink shared channel (NPDSCH) in one or more radio
frames configured for time-division duplexing (TDD) operation. The radio
frames may mclude ten subframes indexed in a range of zero to nine. The radio
frames may be indexed by system frame numbers (SENs). The operations may
further configure the one or more processors to encode, for transmission in the
radio frames in the subframe indexed by five, a narrowband primary
synchronization signal (NPSS). The operations may configure the one or more
processors to encode, for transmission in the radio frames of even SFNs and in
the subframe indexed by zero, a narrowband primary synchronization signal
(NSSS). The operations may configare the one or more processors to encode,
for transmission in the radio frames of odd SFNs and in the subframe indexed by
zero, a system information block type-1 narrowband (SIB1-NB).

166236} In Example 9, the subject matter of Example 8, wherein the
operations may further configure the one or more processors to delermine a
number of repetitions of the NPDSCH based at least partly on a target decoding
performance level at a User Equipment (UE). The operations may configure the
one or more processors to encode the NPDXCCH to indicate the namber of
repetitions of the NPDSCH.

1662371 In Example 10, an apparatus of a generation Node-B (gNB) may
comprisc memory. The apparatus may further comprise processing circuitry.

The processing circuiiry may be configured to encode, for transmission, a
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narrowband physical downlink countrol channel (NPDCCH) that indicates a
number of downlink subframes for a downlink scheduling delay of a narrowband
physical downlink shared channel (NPDSCH) in a radio frame configured for
time-division duplexing (TDD) operation. Subframes of the radio frames may
melude uphnk subframes, narrowband wnternet-of-things (NB-IoT) downlink
subframes, and downlink subframes. The processing circuitry may be further
configured to encode the NPDSCH for transmission 1o accordance with the
downlink scheduling delay. The downlink scheduling delay may be based on an
earliest subframe for which a number of NB-IoT downlink subframes that has
elapsed since the end of the NPDCCH is equal to the number of downlink
subframes indicated in the NPDCCH. The memory may be configured to store
at least a portion of the NPDCCH.

[66238] in Example 11, the subject matter of Example 10, wherein the
radio frames may include ten subframes indexed in a range of zero to nine. The
processing circuitry may be configured to encode, for transmission in each radio
frame and in the subframe indexed by five, a narrowband primary
synchronization signal (NPSS). The processing circuitry may be further
configured to encode, for transmission in a {irst radio frame of a pair of
consecutive radio frames and in the subframe indexed by zero, a downlink signal
that includes a narrowband primary synchronization signal (NSSS) and excludes
a system information block type-1 narrowband (SIB1-NB). The processing
circuitry may be further configured to encode, for transmission in a first radio
frame of a pair of consecutive radio frames and n the subframe indexed by zero,
a downlink signal that includes the SIB1-NB and excludes the NSSS.

(66239} In Example 12, the subject matter of one or any combination of
Examples 10-11, wherein the radio frames may be indexed by system frame
numbers (SENs). The subframes indexed by zero in the radio frames of even
RFNs may include the NSSS. The subframes indexed by zero in the radio
frames of odd RFNs may include the SIB1-NB.

166240 In Example 13, the subject matter of one or any combination of
Examples 10-12, wherein in cach radio frame, the subframe indexed by nine

may include a narrowband physical broadcast channel (NPBCH).
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1882411 In Example 14, the subject matter of one or any combination of
Examples 10-13, wherein the processing circuitry may be further configured to
encode, for transmission on a first carrier, a system information block type-1
narrowband (SIB1-NB) that includes system information. The SIB1-NB may
further indicate trapsmussion, by the gNB, of system information block type-2
narrowband (SIB2-NB) on a second carrier. The processing circuiiry may be
further configured (o encode the SIB2-NB to jndicate frequency resources
allocated for narrowband physical random access channel (NPRACH)
transimissions.

1882421 In Example 15, the subject matter of one or any combination of
Examples 10-14, wherein the processing circuitry may be further configured to
encode, for transmission on an anchor carrier: a narrowband primary
synchronization signal (NPSS), and a master information block (MIB) that
includes one or more bits to indicate a non-anchor carrier on which a sysiem
information block type-1 narrowband (SIB1-NB) is transmitted by the gNB.
The processing circuitry may be further configured to encode, for transmission
on the non-anchor carrier, the SIB1-NB.

(602431 In Example 16, the subject matter of one or any combination of
Examples 10-15, wherein the processing circuitry may be further configured to
encode the NPDCCH for transmission in accordance with a number of
repetitions included in: 1, 2,4, 8, 16, 32, 64, 128, 256, 512, 1024, and 2048. The
processing circuitry may be further configured to encode the NPDSCH for
transmission in accordance with a number of repetitions included in: 1, 2, 4, §,
16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, and 2048.

(66244} In Example 17, the subject matter of one or any combination of
Examples 10-16, wherein the processing circuitry may be further configured to
encode the NPDSCH in accordance with a maximum transport block size (TBS)
of 1000 bits or 2536 bits.

160245} In Example 18, the subject matter of one or any combination of
Examples 10-17, wherein the radio frame may inclode ten subframes indexed in
a range of zero through nine. The processing circuitry may be further configured

to encode a narrowband reference signal (NRS) for transmission in a subframe
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that: 1s indexed by §, 6, 7, 8 or 9; and does not include a narrowband secondary
synchronization signal (NSSS).

166246} In Example 19, the subject matter of one or any combination of
Examples 10-18, wherein the processing circuitry may be further configured to
encode, for transmission, a narrowband primary synchronization signal (NPSS)
and a narrowband secondary synchronization signal (NS58). Subframe
locations of the NPSS and the NSSS may be used to indicate TDD operation or
frequency division duplexing (FIDD) operation.

(602471 In Example 20, the subject matter of one or any combination of
Examples 10-19, wherein the gNB may be configurable for operation in
accordance with one or more operation modes that include an in-band operation
mode, a guard-band operation mode, and a stand-aloune operation mode. The
processing circuitry may be further configured to encode, in accordance with
transmussion locations that are comroon for the operation modes, a master
information block (MIB), a narrowband primary synchronization signal (NPSS)
and a narrowband secondary synchronization signal (NSSS).

1662481 In Example 21, the subject matter of one or any combination of
Examples 10-20, wherein the processing circuitry may be {urther configured to
encode a system information block type-1 narrowband (SIB1-NB), for
transmission, wherein if a number of repetitions of the SIB1-NB is 4, a starting
radio frame of the SIB1-NB 1s 1, if a physical cell identifier (PCID) modulo-4 is
cqual to 0; 17, if the PCID modulo-4 is equal to 1; 33, if the PCID modulo-4 1s
equal to 2; and 49, if the PCID modulo-4 is equal to 3. If the number of
repetitions of the SIB1-NB is 8, the starting radio frame of the SIB1-NB i1s: 1, if
the PCID modulo-2 is equal to 0; and 17, if the PCID modulo-2 isequalto 1. If
the number of repetitions of the SIB1-NB is 16, the starting radio frame of the
SIBI-NB 1s L.

1882491 In Example 22, the subject matter of one or any combination of
Examples 10-21, wherein the processing circuitry may be further configured to
encode a system information block type-1 narrowband (SIBI1-NB), for
transmission on a non-anchor carrier. A number of repetitions of the SIB1-NB

may be included in a subset of a set that includes 4, 8, and 16.
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1882561 In Example 23, the subject matter of one or any combination of
Examples 10-22, wherein the processing circuitry may be further configured to
encode the NPDCCH in accordance with a starting subframe parameter that
defines a starting subframe of an NPDCCH search space. 'The starting subframe
parameter may be one of: 2, 4, 8, 16, 32, 48, 64, and 128,

166251} In Example 24, an apparatus of a generation Node-B (gNB) may
comprise racans for encoding, for transmission, a narrowband physical downlink
control channel (NPDCCH) that schedules transmission of a narrowband
physical downlink shared channel (NPDSCH) in one or more radio frames
configured for time-division duplexing (TBD) operation. The radio frames may
include ten subframes indexed in a range of zero to nine. The radio frames may
be indexed by system frame numbers (SFNs). The apparatus may further
comprise means for encoding, for transmission in the radio frames in the
subframe indexed by five, a narrowband primary synchronization signal (NPSS).
The apparatus may further comprise means for encoding, for transmission in the
radio frames of even SFNs and in the subframe indexed by zero, a narrowband
primary synchronization signal (NSSS5). The apparatas may {urther comprise
means {or encoding, for transmission in the radio frames of odd SFNs and in the
subframe indexed by zero, a system information block type-1 narrowband
(SIB1-NBj.

1662521 In Example 23, the subject matter of Example 24, wherein the
apparatus may further comprise means for determining a number of repetitions
of the NPDSCH based at least partly on a target decoding performance level at a
User Equipment (UE). The apparatus may further comprise means for encoding
the NPDCCH to indicate the nomber of repetitions of the NPDSCH.

(662531 The Abstract is provided to comply with 37 C.F.R. Section
1.72(b) requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with the understanding that it will
not be used to limit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detailed description, with each

claim standing on its own as a separate embodiment.
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CLAIMS

What is claimed is:

1. An apparatus of a User Equiproent (UE), the apparatus comprising:
memory; and processing circuiiry, configured to:

decode, from a generation Node-B (gNB), a narrowband physical
downlink control channel (NPDCCH) that indicates a number of narrowband
imternet-of-things (NB-IoT) downlink subframes for a downlink scheduling
delay of a narrowband physical downlink shared channel (NPDSCH) in ove or
more radio frames configured {or time-division duplexing (TDD) operation,

wherein subframes of the one or more radio frames include uphink
subframes, NB-IoT downlink subframes for downlink NB-IoT transmissions,
and downlink subframes for other downlink {ransmissions; and

determine the downlink scheduling delay based on a count of NB-IoT
downlink subframes clapsed since an end of the NPDCCH,

wherein the downlink scheduling delay is determined based on an earliest
subframe for which a count of NB-1oT downlink subfraroes is equal to the
number of NB-IoT downlink subframes indicated in the NPDCCH,

wherein the memory is configured to store at least a portion of the

NPDCCH.

2. The apparatus according to claim 1, wherein:

the NPDCCH f{urther indicates a number of repetitions of the NPDSCH,
and

the processing circuitry is further configured to decode muitiple
repetitions of the NPDSCH, wherein a {rst chronological repetition of the
NPDSCH is received from the glNB 1n accordance with the downlink scheduling

delay.

3. The apparatus according to claim | or 2, the processing circuitry

further conligured to:
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decode, from the giNB, a system information block type-1 narrowband
(SIB1-NB) that includes a plurality of configuration bits,

wherein at least some values indicated by the configuration bits indicate
different candidate subframe configurations for TDD operation for the radio

frames.

4. The apparatus according to claim 1, the processing circuitry {urther
configured to:

determine, based on an indicator included in a system information block
type-1 narrowband (SIB1-NB) received from the gNB, a subframe configuration
for the radio frames,

wherein the radio frames include ten subframes indexed in a range of
ZEero 1o nine,

wherein, in each radio frame, the subframe indexed by five includes a
narrowband primary synchronization signal (NPSS),

wherein, in alternating radio frames, the subframe indexed by zero

S

includes a narrowband synchronization signal (NSSS).

5. The apparatus according to claim 1 or 4, wherein:

the subframe configuration is one of a plurality of candidate subframe
configurations,

for each of the candidate subframe configurations, at least the subframes

indexed by zero, five, and nine are allocated as downlink subframes.

6. The apparatus according to claim 1, wherein the UE is arranged to
operate in accordance with a further enhanced narrowband internet-of-things

{(feNB-IoT) protocol.

7. The apparatus according to claim 1, wherein:
the apparatus further includes a transceiver to receive the NPDCCH, and
the processing circuitry includes a bascband processor to decode the

NPDCCH.
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8. A computer-readable storage medium that stores instructions for
execution by one or more processors to perform operations for communication
by a generation Node-B (gNB), the operations to configure the one or more
processors (o:

encode, for transmission, a narrowband physical downlink control
channel (NPDCCH) that schedules transmission of a narrowband physical
downlink shared channel (NPDSCH) in one or more radio frames configured for
time-division duplexing (TDD) operation,

wherein the radio frames include ten subframes indexed in a range of
ZETO {0 nine,

wherein the radio {rames are jndexed by system frame nombers (SFNs);

encode, for transmission in the radio frames in the subframe indexed by
five, a narrowband primary synchronization signal (NP5S);

encode, for transmission in the radio frames of even SFNs and in the
subframe indexed by zero, a narrowband primary synchronization signal
{NSS5S); and

encode, for transmission in the radio frames of odd SFNs and in the
subframe indexed by zero, a system information block type-1 narrowband

(SIB1-NB).

9. The computer-readable storage medium according to claim 8, the
operations to further configure the one or more processors to:

determine a number of repetitions of the NPDSCH based at least partly
on a target decoding performance level at a User Equipment (UE); and

encode the NPDCCH to indicate the number of repetitions of the

NPDSCH.

10. An apparatus of a generation Node-B (gNB), the apparatus
comprising: memory; and processing circuitry, configured to:
cncode, for transmission, a narrowband physical downlink control

channel (NPDCCH) that indicates a number of downlink subframes for a
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downlink scheduling delay of a narrowband physical downlink shared channel
(NPDSCH) in a radio frame configured for time-division duplexing (TDD)
operation, wherein subframes of the radio frames inclade uplink subframes,
narrowband internet-of-things (NB-1oT) downlink subframes, and downlink
subframes: and

encode the NPDSCH for transmission in accordance with the downlink
scheduling delay,

wherein the downhnk scheduling delay is based on an earliest subframe
for which a number of NB-IoT downlink subframes that has clapsed since the
end of the NPDXCCH is equal to the number of downlink subframes indicated in
the NPDCCH,

wherein the memory is configured to store at least a portion of the

NPDCCH.

11. The apparatus according to claim 10, wherein:
the radio frames include ten subframes indexed in a range of zero to nine,
the processing circuitry is further configured to:
encode, for transmuission in each radio frame and in the subframe
indexed by five, a narrowband primary synchronization signal (NPSS);
encode, for transmission in a first radio frame of a pair of
consecutive radio frames and in the subframe indexed by zero, a downlink signal
that includes a narrowband primary synchronization signal (NSSS) and excludes
a system information block type-1 narrowband (SIB1-NB); and
encode, for transmission in a first radio frame of a pair of
consecutive radio frames and in the subframe indexed by zero, a downlink signal

that includes the SIB1-NB and excludes the NSSS.

12. The apparatus according to claim 11, wherein:

the radio frames are indexed by system frame numbers (SFNs),

the subframes indexed by zero in the radio frames of even RFNs include
the NSSS,

the subframes mdexed by zero in the radio frames of odd RFNs mclude
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the SIBI-NB.

13. The apparatus according to claim 11, wherein in each radio frame, the
subframe indexed by nine includes a narrowband physical broadcast channel

(NPBCH).

14. The apparatus according to claim 10, the processing circuitry further
configured to:

cncode, for transmission on a first carrier, a system information block
type-1 narrowband (S1B1-NB) that includes system information,

wherein the SIB1-NB further indicates transmission, by the gNB, of
systemn information block type-2 narrowband (SIB2-INB) on a second carrier;
and

encode the SIB2-NB {o indicate frequency resources allocated for

narrowband physical random access channel (NPRACH) transmissions.

15. The apparatus according to claim 10 or 14, the processing circuitry
further conligured to:
encode, for transmission on an anchor carrier:
a narrowband primary synchronization signal (NPSS), and
a master information block (MIB) that includes one or more bits
to indicate a non-anchor carrier on which a system information block type-1
narrowband (SIB1-NB) is transmitted by the gNB; and

encode, for transmission on the non-anchor carrier, the SIB1-NB.

16. The apparatus according to claim 10, the processing circuitry further
configured to:
encode the NPDCCH for transmission in accordance with a number of
repetitions included in:
1,2, 4,8, 16,32, 64, 12§, 256, 512, 1024, and 2048; and
cncode the NPDSCH for transmission in accordance with a number of

repetitions included 1o
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1,2.4,8, 16,32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536,
and 2048,

17. The apparatus according to claim 10 or 16, the processing circuitry
further conligured to:
encode the NPDSCH in accordance with a maximum transport block size

(TBS) of 1000 bits or 2536 bits.

18. The apparatus according to claim 10, wherein:
the radio frame includes ten subframes indexed in a range of zero
through nine,
the processing circuitry is further configured to encode a narrowband
reference signal (NRS) for transmission in a subframe that:
is indexed by 0, 6,7, 8or 9; and
does not include a narrowband secondary synchronization signal

(NSSS).

19. The apparatus according to claim 10, the processing circuitry further
configured to:

encode, for transmission, a narrowband primary synchronization signal
(INPSS) and a narrowband secondary synchronization signal (NSSS},

wherein subframe locations of the NPSS and the NSSS are used to

indicate TDD operation or {requency division duplexing (FDD) operation.

20. The apparatus according to claim 10, wherein:

the giNB is configurable for operation in accordance with one or more
operation modes that include an in-band operation mode, a guard-band operation
mode, and a stand-alone operation mode,

the processing circuitry s further configured to encode, in accordance
with transmission locations that are common for the operation modes, a master
information block (MIB), a narrowband primary synchronization signal (NPSS)

and a narrowband secondary synchronization signal (NSS8S).
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21. The apparatus according to any of claims 10 and 18-20, the
processing circuitry further configured to:
encode a system information block type-1 narrowband (SIB1-NB), for
transmission, wherein:
if a number of repetitions of the SIB1-NB is 4, a starting radio frame of
the 5IB1-NB 1s:
I, if a physical cell identifier (PCID) modulo-4 is equal to (,
17, if the PCID modulo-4 is equal to 1,
33, if the PCID modulo-4 is equal to 2,
49, if the PCID modulo-4 is equal to 3,
if the nurnber of repetitions of the SIB1-NB 1s 8, the starting radio frame
of the SIB1-NB 1s:
1, if the PCID modulo-2 is equal (o 0,
17, if the PCID modulo-2 is equal to 1,
if the number of repetitions of the SIBI1-NB is 16, the starting radio

frame of the SIB1-NB is 1.

22. 'The apparatus according to claim 10, the processing circuitry further
configured to:

encode a system information block type-1 narrowband (SIB1-NB), for
transmission on a non-anchor carrier,

wherein a number of repetitions of the SIB1-NB is included in a subset

of a set that includes 4, §, and 16.

23. 'The apparatus according to claim 10, the processing circuitry further
configured to:

encode the NPDCCH in accordance with a starting subframe parameter
that defines a starting subframe of an NPDCCH search space,

wherein the starting subframe parameter is one of: 2, 4, 8, 16, 32, 48, 64,

and 128.
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