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Description
Title of Invention: METHOD AND APPARATUS FOR
SUPPORTING MULTIPLE SERVICES IN WIRELESS COMMU-

NICATION SYSTEMS
Technical Field

[1] The present application relates generally to wireless communication systems. More

specifically, this disclosure relates to multiple services in wireless systems.

Background Art

[2] To meet the demand for wireless data traffic having increased since deployment of
4G communication systems, efforts have been made to develop an improved 5G or
pre-5G communication system. Therefore, the 5G or pre-5G communication system is
also called a 'Beyond 4G Network' or a 'Post LTE System'. The 5G communication
system is considered to be implemented in higher frequency (mmWave) bands, e.g.,
60GHz bands, so as to accomplish higher data rates. To decrease propagation loss of
the radio waves and increase the transmission distance, the beamforming, massive
multiple-input multiple-output (MIMO), Full Dimensional MIMO (FD-MIMO), array
antenna, an analog beam forming, large scale antenna techniques are discussed in 5G
communication systems. In addition, in 5G communication systems, development for
system network improvement is under way based on advanced small cells, cloud Radio
Access Networks (RANs), ultra-dense networks, device-to-device (D2D) commu-
nication, wireless backhaul, moving network, cooperative communication, Co-
ordinated Multi-Points (CoMP), reception-end interference cancellation and the like. In
the 5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window su-
perposition coding (SWSC) as an advanced coding modulation (ACM), and filter bank
multi carrier (FBMC), non-orthogonal multiple access (NOMA), and sparse code
multiple access (SCMA) as an advanced access technology have been developed.

[3] The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of Everything (IoE), which is a combination of the
IoT technology and the Big Data processing technology through connection with a
cloud server, has emerged. As technology elements, such as "sensing technology",
"wired/wireless communication and network infrastructure”, "service interface
technology", and "Security technology" have been demanded for IoT implementation,
a sensor network, a Machine-to-Machine (M2M) communication, Machine Type Com-

munication (MTC), and so forth have been recently researched. Such an IoT en-
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vironment may provide intelligent Internet technology services that create a new value
to human life by collecting and analyzing data generated among connected things. IoT
may be applied to a variety of fields including smart home, smart building, smart city,
smart car or connected cars, smart grid, health care, smart appliances and advanced
medical services through convergence and combination between existing Information

Technology (IT) and various industrial applications.
In line with this, various attempts have been made to apply SG communication

systems to IoT networks. For example, technologies such as a sensor network, MTC,
and M2M communication may be implemented by beamforming, MIMO, and array
antennas. Application of a cloud Radio Access Network (RAN) as the above-described
Big Data processing technology may also be considered to be as an example of con-
vergence between the 5G technology and the 10T technology.

Sth generation (5G) mobile communications, initial commercialization of which is
expected around 2020, is recently gathering increased momentum with all the
worldwide technical activities on the various candidate technologies from industry and
academia. The candidate enablers for the 5G mobile communications include massive
antenna technologies, from legacy cellular frequency bands up to high frequencies, to
provide beamforming gain and support increased capacity, new waveform (e.g., a new
radio access technology (RAT)) to flexibly accommodate various services/applications
with different requirements, new multiple access schemes to support massive con-
nections, and so on. The International Telecommunication Union (ITU) has cat-
egorized the usage scenarios for international mobile telecommunications (IMT) for
2020 and beyond into 3 main groups such as enhanced mobile broadband, massive
machine type communications (MTC), and ultra-reliable and low latency commu-
nications. In addition, the ITC has specified target requirements such as peak data rates
of 20 gigabit per second (Gb/s), user experienced data rates of 100 megabit per second
(Mb/s), a spectrum efficiency improvement of 3X, support for up to 500 kilometer per
hour (km/h) mobility, 1 millisecond (ms) latency, a connection density of 106 devices/
km?2, a network energy efficiency improvement of 100X and an area traffic capacity of
10 Mb/s/m2. While all the requirements need not be met simultaneously, the design of
5G networks should provide flexibility to support various applications meeting part of
the above requirements on a use case basis.

The above information is presented as background information only to assist with an
understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present disclosure.

Disclosure of Invention
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Solution to Problem

According to various embodiments in the present disclosure, an apparatus of a
terminal in a wireless communication system comprises at least one transceiver and at
least one processor. The at least one transceiver is configured to transmit, to a base
station (BS), random access signals generated with the first subcarrier spacing, and
receive a control signaling providing a resource configuration that includes a second
subcarrier spacing. The at least one processor configured to perform a communication
by using the resource configuration.

According to various embodiments in the present disclosure, an apparatus of a base
station in a wireless communication system comprises at least one processor and at
least one transceiver. The at least one processor is configured to set a resource con-
figuration to perform a communication. The at least one transceiver is configured to
receive, from a terminal, random access signals generated with a first subcarrier
spacing, and transmit a control signaling providing the resource configuration that
includes a second subcarrier spacing.

According to various embodiments in the present disclosure, a method for operating
a terminal in a wireless communication system comprises transmiting, to a base station
(BS), random access signals generated with the first subcarrier spacing, receiving a
control signaling providing a resource configuration that includes a second subcarrier
spacing, and performing a communication by using the resource configuration.

According to various embodiments in the present disclosure, a method for operating
a base station in a wireless communication system comprises setting a resource con-
figuration to perform a communication, receiving, from a terminal, random access
signals generated with a first subcarrier spacing, and transmitting a control signaling
providing the resource configuration that includes a second subcarrier spacing.

Other technical features may be readily apparent to one skilled in the art from the
following figures, descriptions, and claims.

Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an example wireless network according to embodiments of the
present disclosure;

FIGURE 2 illustrates an example eNB according to embodiments of the present
disclosure;

FIGURE 3 illustrates an example UE according to embodiments of the present

disclosure;
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[16] FIGURE 4A illustrates a high-level diagram of an orthogonal frequency division
multiple access transmit path according to embodiments of the present disclosure;

[17] FIGURE 4B illustrates a high-level diagram of an orthogonal frequency division
multiple access receive path according to embodiments of the present disclosure;

[18] FIGURE 5 illustrates a network slicing according to embodiments of the present
disclosure;

[19] FIGURE 6 illustrates an example of a frame structure for a network to support two
slices according to embodiments of the present disclosure;

[20] FIGURE 7 illustrates an orthogonal frequency division multiplexing (OFDM) signals
for a network to support two slices according to embodiments of the present
disclosure;

[21] FIGURE 8 illustrates an example of a frame structure for a network to support
multiple services according to embodiments of the present disclosure;

[22] FIGURE 9 illustrates another example of a frame structure for a network to support
multiple services according to embodiments of the present disclosure;

[23] FIGURE 10 illustrates an example of a self-contained frame structure according to
embodiments of the present disclosure;

[24] FIGURE 11A illustrates an example of a self-contained frame structure with 2 slices
according to embodiments of the present disclosure;

[25] FIGURE 11B illustrates an example of a self-contained frame structure with a single
slice according to embodiments of the present disclosure;

[26] FIGURE 11C illustrates another example of a self-contained frame structure with 2
slices according to embodiments of the present disclosure;

[27] FIGURE 12A illustrates an example of a frame/subframe/TTI composition according
to embodiments of the present disclosure;

[28] FIGURE 12B illustrates another example of a frame/subframe/TTI composition
according to embodiments of the present disclosure;

[29] FIGURE 13 illustrates an example of a resource element mapping of data modulation
symbols according to embodiments of the present disclosure;

[30] FIGURE 14 illustrates another example of a resource element mapping of data
modulation symbols according to embodiments of the present disclosure;

[31] FIGURE 15 illustrates yet another example of a resource element mapping of data
modulation symbols according to embodiments of the present disclosure;

[32] FIGURE 16 illustrates an example of a user equipment (UE) operation according to
embodiments of the present disclosure;

[33] FIGURE 17 illustrates an example of a frame structure for a ultra reliable and low
latency (URLL) slice according to embodiments of the present disclosure;

[34] FIGURE 18 illustrates an example of a frame structure for an enhanced mobile
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broadband (eMBB) slice according to embodiments of the present disclosure;
FIGURE 19 illustrates an example of a multi-radio access technology (RAT)

operation according to embodiments of the present disclosure;

FIGURE 20 illustrates an example of a default OFDM numerology in a frequency
division multiplexing (FDM) according to embodiments of the present disclosure;

FIGURE 21 illustrates a subcarrier index of the first synchronization signal according
to embodiments of the present disclosure;

FIGURE 22 illustrates a subcarrier index of the second synchronization signal
according to embodiments of the present disclosure;

FIGURE 23 illustrates an example of a default numerology on subband according to
embodiments of the present disclosure;

FIGURE 24 illustrates an example of a numerology on subband according to em-
bodiments of the present disclosure;

FIGURE 25A illustrates an example of time frequency resources for initial access
according to embodiments of the present disclosure;

FIGURE 25B illustrates another example of time frequency resources for initial
access according to embodiments of the present disclosure;

FIGURE 25C illustrates an example of time frequency resources for a physical
downlink channel (PDCH) and a synchronization signal for initial access according to
embodiments of the present disclosure;

FIGURE 26A illustrates an example of a resource indexing according to em-
bodiments of the present disclosure;

FIGURE 26B illustrates another example of a resource indexing according to em-
bodiments of the present disclosure; and

FIGURE 27 illustrates a reference signal (RS) mapping in subframe aggregation
according to embodiments of the present disclosure.

Best Mode for Carrying out the Invention

FIGURES 1 through FIGURE 27, discussed below, and the various embodiments
used to describe the principles of the present disclosure in this patent document are by
way of illustration only and should not be construed in any way to limit the scope of
the disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged system or device.

The following documents are hereby incorporated by reference into the present
disclosure as if fully set forth herein: 3GPP TR 22.891 v1.2.0, "Study on New Service
and Markets Technology Enablers."

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous

to set forth definitions of certain words and phrases used throughout this patent
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document. The term "couple” and its derivatives refer to any direct or indirect commu-
nication between two or more elements, whether or not those elements are in physical

"o

contact with one another. The terms "transmit,"” "receive," and "communicate,” as well
as derivatives thereof, encompass both direct and indirect communication. The terms
"include"” and "comprise," as well as derivatives thereof, mean inclusion without
limitation. The term "or" is inclusive, meaning and/or. The phrase "associated with," as
well as derivatives thereof, means to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, have a relationship to or with, or the like. The term "controller”
means any device, system or part thereof that controls at least one operation. Such a
controller may be implemented in hardware or a combination of hardware and software
and/or firmware. The functionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. The phrase "at least one of,"
when used with a list of items, means that different combinations of one or more of the
listed items may be used, and only one item in the list may be needed. For example, "at
least one of: A, B, and C" includes any of the following combinations: A, B, C, A and
B,Aand C,B and C, and A and B and C.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms "application”
and "program" refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
phrase "computer readable program code" includes any type of computer code,
including source code, object code, and executable code. The phrase "computer
readable medium" includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A "non-transitory" computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a
rewritable optical disc or an erasable memory device.

Definitions for other certain words and phrases are provided throughout this patent
document. Those of ordinary skill in the art should understand that in many if not most
instances, such definitions apply to prior as well as future uses of such defined words

and phrases.
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FIGURES 1-4B below describe various embodiments implemented in wireless com-
munications systems and with the use of orthogonal frequency division multiplexing
(OFDM) or orthogonal frequency division multiple access (OFDMA) communication
techniques. The descriptions of FIGURES 1-3 are not meant to imply physical or ar-
chitectural limitations to the manner in which different embodiments may be im-
plemented. Different embodiments of the present disclosure may be implemented in
any suitably-arranged communications system.

FIGURE 1 100 illustrates an example wireless network according to embodiments of
the present disclosure. The embodiment of the wireless network shown in FIGURE 1
100 is for illustration only. Other embodiments of the wireless network 100 could be
used without departing from the scope of this disclosure.

As shown in FIGURE 1 100, the wireless network includes an eNB 101, an eNB 102,
and an eNB 103. The eNB 101 communicates with the eNB 102 and the eNB 103. The
eNB 101 also communicates with at least one network 130, such as the Internet, a pro-
prietary Internet Protocol (IP) network, or other data network.

The eNB 102 provides wireless broadband access to the network 130 for a first
plurality of user equipments (UEs) within a coverage area 120 of the eNB 102. The
first plurality of UEs includes a UE 111, which may be located in a small business
(SB); a UE 112, which may be located in an enterprise (E); a UE 113, which may be
located in a WiFi hotspot (HS); a UE 114, which may be located in a first residence
(R); a UE 115, which may be located in a second residence (R); and a UE 116, which
may be a mobile device (M), such as a cell phone, a wireless laptop, a wireless PDA,
or the like. The eNB 103 provides wireless broadband access to the network 130 for a
second plurality of UEs within a coverage area 125 of the eNB 103. The second
plurality of UEs includes the UE 115 and the UE 116. In some embodiments, one or
more of the eNBs 101-103 may communicate with each other and with the UEs
111-116 uvsing 5G, LTE, LTE-A, WiMAX, WiFi, or other wireless communication
techniques.

Depending on the network type, the term "base station" or "BS" can refer to any
component (or collection of components) configured to provide wireless access to a
network, such as transmit point (TP), transmit-receive point (TRP), an enhanced base
station (eNodeB or eNB), a 5G base station (gNB), a macrocell, a femtocell, a WiFi
access point (AP) , or other wirelessly enabled devices. Base stations may provide
wireless access in accordance with one or more wireless communication protocols,
e.g., 5G 3GPP new radio interface/access (NR), long term evolution (LTE) , LTE
advanced (LTE-A) , high speed packet access (HSPA), Wi-Fi 802.11a/b/g/n/ac, etc.
For the sake of convenience, the terms "BS" and "TRP" are used interchangeably in

this patent document to refer to network infrastructure components that provide
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wireless access to remote terminals. Also, depending on the network type, the term
"user equipment” or "UE" can refer to any component such as "mobile station,"

"o

"subscriber station,” "remote terminal,” "wireless terminal,” "receive point," or "user
device." For the sake of convenience, the terms "user equipment” and "UE" are used in
this patent document to refer to remote wireless equipment that wirelessly accesses a
BS, whether the UE is a mobile device (such as a mobile telephone or smartphone) or
is normally considered a stationary device (such as a desktop computer or vending
machine).

Dotted lines show the approximate extents of the coverage areas 120 and 125, which
are shown as approximately circular for the purposes of illustration and explanation
only. It should be clearly understood that the coverage areas associated with eNBs,
such as the coverage areas 120 and 125, may have other shapes, including irregular
shapes, depending upon the configuration of the eNBs and variations in the radio en-
vironment associated with natural and man-made obstructions.

As described in more detail below, one or more of the UEs 111-116 include circuitry,
programing, or a combination thereof, for efficient CSI (channel state information)
reporting on PUCCH (physical uplink control channel) in an advanced wireless com-
munication system. In certain embodiments, and one or more of the eNBs 101-103
includes circuitry, programing, or a combination thereof, for receiving efficient CSI
reporting on PUCCH in an advanced wireless communication system.

Although FIGURE 1 100 illustrates one example of a wireless network, various
changes may be made to FIGURE 1 100. For example, the wireless network could
include any number of eNBs and any number of UEs in any suitable arrangement.
Also, the eNB 101 could communicate directly with any number of UEs and provide
those UEs with wireless broadband access to the network 130. Similarly, each eNB
102-103 could communicate directly with the network 130 and provide UEs with
direct wireless broadband access to the network 130. Further, the eNBs 101, 102, and/
or 103 could provide access to other or additional external networks, such as external
telephone networks or other types of data networks.

FIGURE 2 200 illustrates an example eNB 102 according to embodiments of the
present disclosure. The embodiment of the eNB 102 illustrated in FIGURE 2 200 is for
illustration only, and the eNBs 101 and 103 of FIGURE 1 100 could have the same or
similar configuration. However, eNBs come in a wide variety of configurations, and
FIGURE 2 200 does not limit the scope of this disclosure to any particular imple-
mentation of an eNB.

As shown in FIGURE 2 200, the eNB 102 includes multiple antennas 205a-205n,
multiple RF transceivers 210a-210n, transmit (TX) processing circuitry 215, and
receive (RX) processing circuitry 220. The eNB 102 also includes a controller/
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processor 225, a memory 230, and a backhaul or network interface 235.

The RF transceivers 210a-210n receive, from the antennas 205a-205n, incoming RF
signals, such as signals transmitted by UEs in the network 100. The RF transceivers
210a-210n down-convert the incoming RF signals to generate IF or baseband signals.
The IF or baseband signals are sent to the RX processing circuitry 220, which
generates processed baseband signals by filtering, decoding, and/or digitizing the
baseband or IF signals. The RX processing circuitry 220 transmits the processed
baseband signals to the controller/processor 225 for further processing.

In some embodiments, the RF transceiver 210a-201n is also capable of receiving,
from a user equipment (UE), random access signals generated with a first subcarrier
spacing and transmitting a downlink control signaling comprising a physical (PHY)
resource configuration that includes a second subcarrier spacing.

In some embodiments, the RF transceiver 210a-201n is also capable of transmitting
the PHY resource configuration in a subband that is located on a center of a system
bandwidth, the subband including downlink synchronization signals and performing
the at least one of uplink reception or downlink transmission according to the PHY
resource configuration.

In some embodiments, the RF transceiver 210a-201n is also capable of transmitting a
downlink control signaling comprising multiple PHY resource configurations each of
which includes a subcarrier spacing value.

The TX processing circuitry 215 receives analog or digital data (such as voice data,
web data, e-mail, or interactive video game data) from the controller/processor 225.
The TX processing circuitry 215 encodes, multiplexes, and/or digitizes the outgoing
baseband data to generate processed baseband or IF signals. The RF transceivers
210a-210n receive the outgoing processed baseband or IF signals from the TX
processing circuitry 215 and up-converts the baseband or IF signals to RF signals that
are transmitted via the antennas 205a-205n.

The controller/processor 225 can include one or more processors or other processing
devices that control the overall operation of the eNB 102. For example, the controller/
processor 225 could control the reception of forward channel signals and the
transmission of reverse channel signals by the RF transceivers 210a-210n, the RX
processing circuitry 220, and the TX processing circuitry 215 in accordance with well-
known principles. The controller/processor 225 could support additional functions as
well, such as more advanced wireless communication functions. For instance, the
controller/processor 225 could support beam forming or directional routing operations
in which outgoing signals from multiple antennas 205a-205n are weighted differently
to effectively steer the outgoing signals in a desired direction. Any of a wide variety of

other functions could be supported in the eNB 102 by the controller/processor 225.
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In some embodiments, the controller/processor 225 includes at least one micro-
processor or microcontroller. As described in more detail below, the eNB 102 may
include circuitry, programing, or a combination thereof for processing of CSI reporting
on PUCCH. For example, controller/processor 225 can be configured to execute one or
more instructions, stored in memory 230, that are configured to cause the controller/
processor to process vector quantized feedback components such as channel coef-
ficients.

The controller/processor 225 is also capable of executing programs and other
processes resident in the memory 230, such as an OS. The controller/processor 225 can
move data into or out of the memory 230 as required by an executing process.

The controller/processor 225 is also coupled to the backhaul or network interface
235. The backhaul or network interface 235 allows the eNB 102 to communicate with
other devices or systems over a backhaul connection or over a network. The interface
235 could support communications over any suitable wired or wireless connection(s).
For example, when the eNB 102 is implemented as part of a cellular communication
system (such as one supporting 5G, LTE, or LTE-A), the interface 235 could allow the
eNB 102 to communicate with other eNBs over a wired or wireless backhaul
connection. When the eNB 102 is implemented as an access point, the interface 235
could allow the eNB 102 to communicate over a wired or wireless local area network
or over a wired or wireless connection to a larger network (such as the Internet). The
interface 235 includes any suitable structure supporting communications over a wired
or wireless connection, such as an Ethernet or RF transceiver.

In some embodiments, the controller/processor 225 is also capable of setting the
PHY resource configuration for at least one of uplink reception or downlink
transmission.

In such embodiments, the PHY resource configuration comprises a plurality of con-
figurations that includes a subcarrier spacing value and information for a subband, the
subcarrier spacing value to be used for the subband for the at least one of uplink
reception or downlink transmission. In such embodiments, the PHY resource con-
figuration further comprises information indicating an existence of a blank interval on
boundaries of consecutive slots on which the UE is scheduled to receive a number of
transport blocks. In such embodiments, the PHY resource configuration further
comprises information to generate a reference signal scrambling sequence. In such em-
bodiments, the PHY resource configuration comprises resources corresponding to at
least one of ultra reliable and low latency (URLL) configuration information, enhanced
mobile broadband (eMBB) configuration information, or massive machine type com-
munication (mMTC) configuration information.

The memory 230 is coupled to the controller/processor 225. Part of the memory 230
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could include a RAM, and another part of the memory 230 could include a Flash
memory or other ROM.

Although FIGURE 2 200 illustrates one example of eNB 102, various changes may
be made to FIGURE 2 200. For example, the eNB 102 could include any number of
each component shown in FIGURE 2 200. As a particular example, an access point
could include a number of interfaces 235, and the controller/processor 225 could
support routing functions to route data between different network addresses. As
another particular example, while shown as including a single instance of TX
processing circuitry 215 and a single instance of RX processing circuitry 220, the eNB
102 could include multiple instances of each (such as one per RF transceiver). Also,
various components in FIGURE 2 200 could be combined, further subdivided, or
omitted and additional components could be added according to particular needs.

FIGURE 3 300 illustrates an example UE 116 according to embodiments of the
present disclosure. The embodiment of the UE 116 illustrated in FIGURE 3 300 is for
illustration only, and the UEs 111-115 of FIGURE 1 100 could have the same or
similar configuration. However, UEs come in a wide variety of configurations, and
FIGURE 3 300 does not limit the scope of this disclosure to any particular imple-
mentation of a UE.

As shown in FIGURE 3 300, the UE 116 includes an antenna 305, a radio frequency
(RF) transceiver 310, TX processing circuitry 315, a microphone 320, and receive
(RX) processing circuitry 325. The UE 116 also includes a speaker 330, a processor
340, an input/output (I/0) interface (IF) 345, a touchscreen 350, a display 355, and a
memory 360. The memory 360 includes an operating system (OS) 361 and one or
more applications 362.

The RF transceiver 310 receives, from the antenna 305, an incoming RF signal
transmitted by an eNB of the network 100. The RF transceiver 310 down-converts the
incoming RF signal to generate an intermediate frequency (IF) or baseband signal. The
IF or baseband signal is sent to the RX processing circuitry 325, which generates a
processed baseband signal by filtering, decoding, and/or digitizing the baseband or IF
signal. The RX processing circuitry 325 transmits the processed baseband signal to the
speaker 330 (such as for voice data) or to the processor 340 for further processing
(such as for web browsing data).

In some embodiments, the RF transceiver 310 is capable of transmitting, to a base
station (BS), random access signals generated with the first subcarrier spacing and
receiving a downlink control signaling comprising a physical (PHY) resource con-
figuration that includes a second subcarrier spacing.

In some embodiments, the RF transceiver 310 is capable of receiving the PHY

resource configuration in a subband that is located on a center of a system bandwidth,
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the subband including downlink synchronization signals and performing the at least
one of uplink transmission or downlink reception according to the PHY resource con-
figuration.

In some embodiments, the RF transceiver 310 is capable of receiving a downlink
control signaling comprising multiple PHY resource configurations each of which
includes a subcarrier spacing value.

The TX processing circuitry 315 receives analog or digital voice data from the mi-
crophone 320 or other outgoing baseband data (such as web data, e-mail, or interactive
video game data) from the processor 340. The TX processing circuitry 315 encodes,
multiplexes, and/or digitizes the outgoing baseband data to generate a processed
baseband or IF signal. The RF transceiver 310 receives the outgoing processed
baseband or IF signal from the TX processing circuitry 315 and up-converts the
baseband or IF signal to an RF signal that is transmitted via the antenna 305.

The processor 340 can include one or more processors or other processing devices
and execute the OS 361 stored in the memory 360 in order to control the overall
operation of the UE 116. For example, the processor 340 could control the reception of
forward channel signals and the transmission of reverse channel signals by the RF
transceiver 310, the RX processing circuitry 325, and the TX processing circuitry 315
in accordance with well-known principles. In some embodiments, the processor 340
includes at least one microprocessor or microcontroller.

The processor 340 is also capable of executing other processes and programs resident
in the memory 360, such as processes for CSI reporting on PUCCH. The processor 340
can move data into or out of the memory 360 as required by an executing process. In
some embodiments, the processor 340 is configured to execute the applications 362
based on the OS 361 or in response to signals received from eNBs or an operator. The
processor 340 is also coupled to the I/O interface 345, which provides the UE 116 with
the ability to connect to other devices, such as laptop computers and handheld
computers. The I/O interface 345 is the communication path between these accessories
and the processor 340.

In some embodiments, the processor 340 is also capable of setting the PHY resource
configuration for at least one of uplink transmission or downlink reception. In such
embodiments. In such embodiments, the PHY resource configuration comprises a
plurality of configurations that include a subcarrier spacing value and information for a
subband, the subcarrier spacing value to be used for the subband for the at least one of
uplink transmission or downlink reception. The information for the subband may
indicate at least one of a banwidth of the subband or the number of subcarriers
included in the subband. In such embodiments, the PHY resource configuration further

comprises information indicating an existence of a blank interval on boundaries of con-
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secutive slots on which the UE is scheduled to receive a number of transport blocks. In
such embodiments, the PHY resource configuration further comprises information to
generate a reference signal scrambling sequence. In such embodiments, the PHY
resource configuration comprises resources corresponding to at least one of ultra
reliable and low latency (URLL) configuration information, enhanced mobile
broadband (eMBB) configuration information, or massive machine type commu-
nication (mMTC) configuration information.

The processor 340 is also coupled to the touchscreen 350 and the display 355. The
operator of the UE 116 can use the touchscreen 350 to enter data into the UE 116. The
display 355 may be a liquid crystal display, light emitting diode display, or other
display capable of rendering text and/or at least limited graphics, such as from web
sites.

The memory 360 is coupled to the processor 340. Part of the memory 360 could
include a random access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

Although FIGURE 3 300 illustrates one example of UE 116, various changes may be
made to FIGURE 3 300. For example, various components in FIGURE 3 300 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs. As a particular example, the processor 340 could be
divided into multiple processors, such as one or more central processing units (CPUs)
and one or more graphics processing units (GPUs). Also, while FIGURE 3 300 il-
lustrates the UE 116 configured as a mobile telephone or smartphone, UEs could be
configured to operate as other types of mobile or stationary devices.

FIGURE 4A 400 is a high-level diagram of transmit path circuitry. For example, the
transmit path circuitry may be used for an orthogonal frequency division multiple
access (OFDMA) communication. FIGURE 4B 450 is a high-level diagram of receive
path circuitry. For example, the receive path circuitry may be used for an orthogonal
frequency division multiple access (OFDMA) communication. In FIGURES 4A 400
and 4B 450, for downlink communication, the transmit path circuitry may be im-
plemented in a base station (eNB) 102 or a relay station, and the receive path circuitry
may be implemented in a user equipment (e.g. user equipment 116 of FIGURE 1 100).
In other examples, for uplink communication, the receive path circuitry 450 may be
implemented in a base station (e.g. eNB 102 of FIGURE 1 100) or a relay station, and
the transmit path circuitry may be implemented in a user equipment (e.g. user
equipment 116 of FIGURE 1 100).

Transmit path circuitry comprises channel coding and modulation block 405, serial-
to-parallel (S-to-P) block 410, Size N Inverse Fast Fourier Transform (IFFT) block
415, parallel-to-serial (P-to-S) block 420, add cyclic prefix block 425, and up-
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converter (UC) 430. Receive path circuitry 450 comprises down-converter (DC) 455,
remove cyclic prefix block 460, serial-to-parallel (S-to-P) block 465, Size N Fast
Fourier Transform (FFT) block 470, parallel-to-serial (P-to-S) block 475, and channel
decoding and demodulation block 480.

At least some of the components in FIGURES 4A 400 and 4B 450 may be im-
plemented in software, while other components may be implemented by configurable
hardware or a mixture of software and configurable hardware. In particular, it is noted
that the FFT blocks and the IFFT blocks described in this disclosure document may be
implemented as configurable software algorithms, where the value of Size N may be
modified according to the implementation.

Furthermore, although this disclosure is directed to an embodiment that implements
the Fast Fourier Transform and the Inverse Fast Fourier Transform, this is by way of il-
lustration only and should not be construed to limit the scope of the disclosure. It will
be appreciated that in an alternate embodiment of the disclosure, the Fast Fourier
Transform functions and the Inverse Fast Fourier Transform functions may easily be
replaced by discrete Fourier transform (DFT) functions and inverse discrete Fourier
transform (IDFT) functions, respectively. It will be appreciated that for DFT and IDFT
functions, the value of the N variable may be any integer number (i.e., 1, 4, 3, 4, etc.),
while for FFT and IFFT functions, the value of the N variable may be any integer
number that is a power of two (i.e., 1, 2, 4, 8, 16, etc.).

In transmit path circuitry 400, channel coding and modulation block 405 receives a
set of information bits, applies coding (e.g., LDPC coding) and modulates (e.g.,
quadrature phase shift keying (QPSK) or quadrature amplitude modulation (QAM)) the
input bits to produce a sequence of frequency-domain modulation symbols. Serial-
to-parallel block 410 converts (i.e., de-multiplexes) the serial modulated symbols to
parallel data to produce N parallel symbol streams where N is the IFFT/FFT size used
in BS 102 and UE 116. Size N IFFT block 415 then performs an IFFT operation on the
N parallel symbol streams to produce time-domain output signals. Parallel-to-serial
block 420 converts (i.e., multiplexes) the parallel time-domain output symbols from
Size N IFFT block 415 to produce a serial time-domain signal. Add cyclic prefix block
425 then inserts a cyclic prefix to the time-domain signal. Finally, up-converter 430
modulates (i.e., up-converts) the output of add cyclic prefix block 425 to RF frequency
for transmission via a wireless channel. The signal may also be filtered at baseband
before conversion to RF frequency.

The transmitted RF signal arrives at UE 116 after passing through the wireless
channel, and reverse operations to those at eNB 102 are performed. Down-converter
455 down-converts the received signal to baseband frequency, and remove cyclic

prefix block 460 removes the cyclic prefix to produce the serial time-domain baseband
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signal. Serial-to-parallel block 465 converts the time-domain baseband signal to
parallel time-domain signals. Size N FFT block 470 then performs an FFT algorithm to
produce N parallel frequency-domain signals. Parallel-to-serial block 475 converts the
parallel frequency-domain signals to a sequence of modulated data symbols. Channel
decoding and demodulation block 480 demodulates and then decodes the modulated
symbols to recover the original input data stream.

Each of eNBs 101-103 may implement a transmit path that is analogous to
transmitting in the downlink to user equipment 111-116 and may implement a receive
path that is analogous to receiving in the uplink from user equipment 111-116.
Similarly, each one of user equipment 111-116 may implement a transmit path corre-
sponding to the architecture for transmitting in the uplink to eNBs 101-103 and may
implement a receive path corresponding to the architecture for receiving in the
downlink from eNBs 101-103.

Various embodiments of the present disclosure provides for a high-performance,
scalability with respect to the number and geometry of transmit antennas, and a
flexible CSI feedback (e.g., reporting) framework and structure for LTE enhancements
when FD-MIMO with large two-dimensional antenna arrays is supported. To achieve
high performance, more accurate CSI in terms MIMO channel is needed at the eNB es-
pecially for FDD scenarios. In this case, embodiments of the present disclosure
recognize that the previous LTE (e.g. Rel.12) precoding framework (PMI-based
feedback) may need to be replaced. In this disclosure, properties of FD-MIMO are
factored in for the present disclosure. For example, the use of closely spaced large 2D
antenna arrays that is primarily geared toward high beamforming gain rather than
spatial multiplexing along with relatively small angular spread for each UE. Therefore,
compression or dimensionality reduction of the channel feedback in accordance with a
fixed set of basis functions and vectors may be achieved. In another example, updated
channel feedback parameters (e.g., the channel angular spreads) may be obtained at
low mobility using UE-specific higher-layer signaling. In addition, a CSI reporting
(feedback) may also be performed cumulatively.

Another embodiment of the present disclosure incorporates a CSI reporting method
and procedure with a reduced PMI feedback. This PMI reporting at a lower rate
pertains to long-term DL channel statistics and represents a choice of a group of
precoding vectors recommended by a UE to an eNB. The present disclosure also
includes a DL transmission scheme wherein an eNB transmits data to a UE over a
plurality of beamforming vectors while utilizing an open-loop diversity scheme. Ac-
cordingly, the use of long-term precoding ensures that open-loop transmit diversity is
applied only across a limited number of ports (rather than all the ports available for

FD-MIMO, e.g., 64). This avoids having to support excessively high dimension for
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open-loop transmit diversity that reduces CSI feedback overhead and improves ro-
bustness when CSI measurement quality is questionable.

5G communication system use cases have been identified and described. Those use
cases can be roughly categorized into three different groups according to a type of a
service. The first group is a group for a first service that requires high data transfer
rates. The first service refers to eMBB(enhanced mobile broadband). The first service
may be used a technology that requires high average spectrum efficiency. For example,
the first service may be used for conventional mobile communication, virtual reality
technology, and the like. In other words, the first service is determined to do with high
bits/sec requirement, with less stringent latency and reliability requirements.

The second group is a group for a second service that requires high reliability and
low latency. The second service refers to URLL(ultra reliable and low latency). The
second service may be used a technology with relatively high requirements for re-
liability, latency, and throughput. For example, the second service may be used to
control the communication process required in the disaster network, remote operation,
and autonomous vehicle. In other words, the second service is determined with less
stringent bits/sec requirement.

The third group is a group for a third service that requires connections with terminals
on a large scale. The third service refers to massive machine type communication
(mMTC). The third service requires a high random access capacity and low power con-
sumption in order to allow connections with the terminals on a large scale. The third
service is determined that a number of devices can be as many as 100,000 to 1 million
per km2, but the reliability/throughput/latency requirement could be less stringent.
This scenario may also involve power efficiency requirement as well, in that the
battery consumption should be minimized as possible.

In LTE technologies, a time interval X which can contain one or more of the DL,
transmission part, guard, UL transmission part, and a combination of thereof regardless
of they are indicated dynamically and/or semi-statically. Furthermore, in one example,
the DL transmission part of time interval X contains downlink control information and/
or downlink data transmissions and/or reference signals. In another example, the UL
transmission part of time interval X contains uplink control information and/or uplink
data transmissions and/or reference signals. In addition, the usage of DL and UL does
not preclude other deployment scenarios e.g., sidelink, backhaul, relay). In some em-
bodiments of the current invention, "a subframe" is another name to refer to "a time
interval X," or vice versa. In order for the 5G network to support these diverse services
are called network slicing.

In some embodiments, "a subframe" and "a time slot" can be used interchangeably.

In some embodiments, "a subframe" refers to a transmit time interval (TTI), which
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may comprise an aggregation of "time slots" for UE's data transmission/reception.

In some embodiments, for convenience of description, parameters, functions, op-
erations, and information related to the physical layer will be referred to as 'PHY". For
example, an optimization operation at the physical layer may be referred to as 'PHY
optimization'.

FIGURE 5 500 illustrates a network slicing according to embodiments of the present
disclosure. An embodiment of the network slicing shown in FIGURE 5 500 is for il-
lustration only. One or more of the components illustrated in FIGURE 5 500 can be
implemented in specialized circuitry configured to perform the noted functions or one
or more of the components can be implemented by one or more processors executing
instructions to perform the noted functions. Other embodiments are used without
departing from the scope of the present disclosure. As shown in FIGURE 5 500, the
network slicing comprises a operator's network 510, a plurality of RANS 520, a
plurality of eNBs 530a, 530b, a plurality of small cell base station 535a, 535b, a URLL
slice 540a, a smart watch 545a, a car 545b, a ,truck 545c, a smart grasses 545d, a
power 555a, a temperature 555b, an mMTC slice 550a, an eMBB slice 560a, a smart
phone (e.g., cell phones) 565a, a laptop 565b, and a tablet 565¢ (e.g., tablet PCs).

The operator's network 510 includes a number of radio access network(s) 520 -
RAN(s) - that are associated with network devices, e.g., eNBs 530a and 530b, small
cell base stations (femto/pico eNBs or Wi-Fi access points) 535a and 535b, etc. The
operator's network 510 can support various services relying on the slice concept. In
one example, four slices, 540a, 550a, 550b and 560a, are supported by the network.
The URLL slice 540a to serve UEs requiring URLL services, e.g., cars 545b, trucks
545c, smart watches 545a, smart glasses 545d, etc. Two mMTC slices 550a and 550b
serve UEs requiring mMTC services such as power meters and temperature control
(e.g., 555b), and one eMBB slice 560a requiring eMBB serves such as cells phones
565a, laptops 565b, tablets 565c.

In short, network slicing is a method to cope with various different qualities of
services (QoS) in the network level. For supporting these various QoS efficiently,
slice-specific PHY optimization may also be necessary. Devices 545a/b/c/d, 555a/b are
565a/b/c examples of user equipment (UE) of different types. The different types of
user equipment (UE) shown in FIGURE 5 500 are not necessarily associated with
particular types of slices. For example, the cell phone 565a, the laptop 565b and the
tablet 565c¢ are associated with the eMBB slice 560a, but this is just for illustration and
these devices can be associated with any types of slices.

In some embodiments, one device is configured with more than one slice. In one em-
bodiment, the UE, (e.g., 565a/b/c) is associated with two slices, the URLL slice 540a
and the eMBB slice 560a. This can be useful for supporting online gaming application,
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in which graphical information are transmitted through the eMBB slice 560a, and user
interaction related information are exchanged through the URLL slice 540a.

In the current LTE standard, no slice-level PHY is available, and most of the PHY
functions are utilized slice-agnostic. A UE is typically configured with a single set of
PHY parameters (including transmit time interval (TTI) length, OFDM symbol length,
subcarrier spacing, etc.), which is likely to prevent the network from (1) fast adapting
to dynamically changing QoS; and (2) supporting various QoS simultaneously.

In some embodiments, corresponding PHY designs to cope with different QoS with
network slicing concept are disclosed. It is noted that "slice" is a terminology in-
troduced just for convenience to refer to a logical entity that is associated with
common features, for example, numerology, an upper-layer (including medium access
control/radio resource control (MAC/RRC)), and shared UL/DL time-frequency
resources. Alternative names for "slice” include virtual cells, hyper cells, cells, etc.

FIGURE 6 600 illustrates an example of a frame structure for a network to support
two slices according to embodiments of the present disclosure. An embodiment of the
OFDM signals for a network to support two slices shown in FIGURE 6 600 is for il-
lustration only. One or more of the components illustrated in FIGURE 6 600 can be
implemented in specialized circuitry configured to perform the noted functions or one
or more of the components can be implemented by one or more processors executing
instructions to perform the noted functions. Other embodiments are used without
departing from the scope of the present disclosure.

As shown in FIGURE 6 600, the frame structure for a network to support two slices
600 comprises a first slice 610 and a second slice 650. Furthermore, the first slice 610
comprises a data (frame/subframe/TTI) interval 630a, a control (CTRL) interval 620a,
660a, and 660b, a data frame/subframe/TTI for slice (data interval) 2 670a, 670b.
Similarly, the second slice 650 comprises a control (CTRL) 620b, a data frame/
subframe/TTI for slice 1 630b, a control (CTRL) 660c, and a data frame/subframe/TTI
for slice 2 670c.

In some embodiments, a UE is configured in the higher layer (e.g., RRC), to Tx/Rx
signals related to the two slices, for example, slices 1 and 2, wherein slice 1 is the
e¢MBB slice 560a and slice 2 is the URLL slice 540a. In some embodiments, the PHY
signals related to the two slices are multiplexed as a frequency division multiplexing
(FDM) by the network as shown in 610. In one such embodiment, the two BWs
(bandwidths) corresponding to the two slices are subbands of a serving cell BW. In
some embodiments, the two BWs corresponding to the two slices are two separate
serving cell BWs. In this case, a guard BW may present between the two BWs corre-
sponding to the two slices. In some embodiments, the PHY signals related to the two

slices are multiplexed as a time division multiplexing (TDM) by the network in a
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serving BW as shown in 650.

In some alternative embodiments, the PHY signals related to the two slices are mul-
tiplexed as a code division multiplexing (CDM) by the network. In such embodiments,
a first code is allocated to the PHY signals for a first slice, and a second code is
allocated to the PHY signals for a second slice. In some embodiments, the PHY signals
related to the two slices are SDM'ed. In such embodiment, a first precoder is applied to
the PHY signal for a first slice and a second precoder is applied to the PHY signal for a
second slice. In some embodiments, a first set of TPs Tx/Rx PHY signal for the first
slice and a second set of TPs Tx/Rx PHY signal for the second slice. In some em-
bodiments, PHY control and data Tx/Rx for those UEs are configured with a slice
occurs within the time-frequency resources allocated for the configured slice.

In some embodiments, a subframe, which is (or may be) equivalent to a
transmission-time-interval (TTI), comprises a control time-frequency resource and a
data time-frequency resource. In such embodiments, a slice 1's subframe comprises a
control interval 620a (or 620b) and a data interval 630a (or 630b). The control
signaling in 620a (620b) indicates PHY data scheduling information in the time-
frequency pool of 630a (or 630b) to those UEs configured with slice 1.

In some embodiments, a slice 2's subframe comprises a control interval 660a (or
660b or 660c) and a data interval 670a (or 670b or 670c). The control signaling in 660a
(or 660b or 660c) may indicate PHY data scheduling information in the time-frequency
pool of 670a (or 670b or 670c) to those UEs configured with slice 2. In some em-
bodiments, a subframe length (or a TTI length) can be configured slice-specifically. In
one example, a first TTI length is configured for a first slice and a second TTI length is
configured for a second slice. In such embodiments, the first slice corresponds to slice
1 (the eMBB slice 160a), and the second slice corresponds to slice 2 (the URLL slice
140a) and the subframe length of a first slice is two times (m=2) longer than (in
general, an integer multiple of) the subframe length of a second slice. In this case, the
URLL slice 540a can meet the delay constraint (with having a half subframe length the
latency becomes half) and the eMBB slice 560a can meet the spectral efficiency re-
quirement (with having a double subframe length the corresponding control overhead
becomes half). The integer relationship of the subframe lengths may help the network
to FDM partition the slices more efficiently.

The specific integer (m) value can be explicitly or implicitly signaled to a UE or a
UE's slice (or a virtual cell). In one example, the m value is indicated by a one-bit field
conveyed, e.g., in a broadcast or a unicast signaling. In another example, state O
implies m = 1 and state 1 implies m = 2. In yet another example, state O implies m = 1
and state 1 implies m = 4. In yet another example, state 0 implies m = 2 and state 1

implies m = 4. In yet example, the m value is indicated by a two-bit field conveyed,
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e.g., in a broadcast or a unicast signaling. In one example, state 00 implies m = 1; state
01 implies m = 2; state 10 implies m = 4; and state 11 is reserved.

In some embodiments, the subframe length is described in terms of OFDM symbols.
In one example, the subframe length of the eMBB slice (slice 1) 540a is 70 (=14x5 or
alternatively 56=14x4) OFDM symbols, and the subframe length of the URLL slice
(slice 2) is 14 OFDM symbols.

In some embodiments, length of a control interval (e.g., 620a/b, 660a/b/c) can be
configured slice-specifically. In such embodiments, the length of control interval 620a
of the eMBB slice (slice 1) 560a, is longer than the control interval 660b of the URLL
slice (slice 2) 540a. The control interval of 660a/b can dynamically be adjusted to cope
with different numbers of served UEs in the data frame 260a/b.

In some embodiments, the control interval (620a/b, 660a/b/c) corresponds to the
PHY DL control interval, similarly to the PDCCH interval. In some embodiments, the
region 630a/b and 670a/b/c correspond to a sequence of subframes that contain data
only (i.e., no PHY control is embedded in 630a/b and 670a/b. In these cases, the
control region 620a/b and 660a/b/c may correspond to a respective numbers of OFDM
symbols.

In some embodiments, each of 630a/b and 670a/b/c, corresponds to a single self-
contained subframe 610/615 for DL data transmission, in which uplink control
signaling (A/N), 640a/b, is multiplexed at the end of the subframe 610/615.

FIGURE 7 700 illustrates an orthogonal frequency division multiplexing (OFDM)
signals for a network to support two slices according to embodiments of the present
disclosure. An embodiment of the OFDM signals for a network to support two slices
shown in FIGURE 7 700 is for illustration only. One or more of the components il-
lustrated in FIGURE 7 700 can be implemented in specialized circuitry configured to
perform the noted functions or one or more of the components can be implemented by
one or more processors executing instructions to perform the noted functions. Other
embodiments are used without departing from the scope of the present disclosure.

As shown in FIGURE 7 700, the OFDM signals for the network to support two slices
700 comprises a plurality of BWs 710, 750, an OFDM symbol (duration) 720, 760, a
CP 720a, a plurality of IFFTs 720b, 760a, 760b, a subcarrier partition for slice 1 730, a
subcarrier partition option 1 for slice 2 770a, and a subcarrier partition option 2 for
slice 2 770b.

FIGURE 7 700 illustrates the OFDM symbols construction in order to facilitate a
network to support two slices with FDM partitioning into two bands, BW1 710 and
BW2 750, according to some embodiments of the current invention.

In some embodiments, PHY signals of a first slice reside within BW1 710, and PHY

signals of a second slice reside within BW2 750. In one such embodiment, the first
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slice corresponds to the eMBB slice 560a and the second slice corresponds to the
URLL slice 540a. Between the two BW partitions 710 and 750, a guard BW 790 may
present. When the guard BW 790 is configured to a UE, the UE is not expected to Tx/
Rx on the guard BW 790. The rejection/transition band of BW-specific filter can be
located in BW corresponding to 790.

In some embodiments, a UE is configured to receive the two slices; and also
configured with a same set of numerology parameters for the two BWs 710 and 750. In
some embodiments, a UE is configured to receive the two slices; and also configured
with two different sets of numerology parameters for the two BWs 710 and 750. In
such embodiments, the numerology parameters include at least one of the CP length,
subcarrier spacing, OFDM symbol length, FFT size, etc.

The numerology refers to how to configure a unit of resources (i.e. time, frequency)
used in a transmission (i.e. unicast transmission). For example, the LTE system uses a
single numerology with 15kHz as subcarrier spacing in the unicast transmission. In the
present disclosure, various numerologies will be described for supporting a wide
frequency range(i.e.like 1-100GHz)and various service scenarios like eMBB, URLL,
and mMTC.

In some embodiments, two separate bandpass digital filters are applied for the two
BWs. In some embodiments, a high pass digital filter is applied to a first BW 710 and a
low pass digital filter is applied to a second BW 750. In such embodiments, a guard
BW 790 is exploited such that there is little interference from the two BWs 710 and
750, e.g., a rejection/transition band is placed in BW790. Furthermore, a number of
subcarriers can be semi-statically higher-layer configured for the guard BW 790.

In some embodiments, an OFDM symbol duration comprises a cyclic prefix (CP)
duration and a duration for IFFT of NFFT symbols. Then the OFDM symbol duration
is determined as the sum of the two durations for the CP and the IFFT. In some em-
bodiments, the OFDM symbol duration 720 for BW1 710 is configured two times (or
an integer (n) multiple) larger than the OFDM symbol duration 760 of BW2 750. This
is useful when supporting a wider coverage for the eMBB slice 560a operating in BW1
710 than the URLL slice 540a operating in BW2 350.

The specific integer (n) value can be explicitly or implicitly signaled to a UE or a
UE's slice (or a virtual cell), similarly to the integer m according to some embodiments
of the present disclosure. In some embodiments, n is equal to m, and a single signaling
configures the values. In some embodiments, n and m are separately configured. In
some embodiments, a UE configured to receive the two slices, receives a first service
(slice) from a first TP, and a second service (slice) from a second TP. In such em-
bodiments, the first and the second TPs respectively correspond to an eNB 530a and a
small cell 530c.
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In some embodiments, the first and the second TPs respectively correspond to a first
eNB 530a and a second eNB 530b. Other combinations of network devices are also
possible for supporting this operation mode.

In some embodiments, a CP length 720a configured for BW1 710 is longer than a CP
length 720a configured for BW2 750. It is noted that the longer-CP length of 720a can
cover a wider geographical area than the shorter-CP length of 720a.

In some embodiments, a CP length 720a for BW1 710 is the same as a CP length
720a for BW2 750. If the OFDM symbol length 720 is twice larger than the subframe
length 760a/b, the CP overhead of BW1, 710 is the half of the CP length of BW2, 750,
and hence BW1, 710, is more efficient than slice 2, 760 (OFDM symbol duration). In
some embodiments, subcarrier spacing is separately configured for BW1 710 and BW2
750. In such embodiments, the subcarrier spacings are configured in such a way that
the subcarrier spacing 770a of BW2, 750, is two times wider than (in general an
integer (k) multiple of) the subcarrier spacing 730 of BW1, 710.

The subcarrier spacing may refer to a frequency interval between allocated sub-
carriers. Through the subcarrier spacing, OFDM communication system enables data
transmission while maintaining an orthogonality among subcarriers. For example, in
the LTE standard, the subcarrier spacing is fixed at 15kHz.

The specific integer (k) value can be explicitly or implicitly signaled to a UE or a
UE's slice (or a virtual cell), similarly to the integer m and n according to some em-
bodiments of the present disclosure. In some embodiments, all of n, m, and k are the
same, and a single signaling configures the values. In some embodiments, all of n, m,
and k are separately configured. In some embodiments, the subcarrier spacing values
are configured in such a way that the subcarrier spacing 770b of BW2, 750, is the same
as the subcarrier spacing 730 of BW1, 710.

FIGURE 8 800 illustrates an example of a frame structure for a network to support
multiple services according to embodiments of the present disclosure. An embodiment
of the frame structure for a network to support multiple services shown in FIGURE 8
800 is for illustration only. One or more of the components illustrated in FIGURE 8
800 can be implemented in specialized circuitry configured to perform the noted
functions or one or more of the components can be implemented by one or more
processors executing instructions to perform the noted functions. Other embodiments
are used without departing from the scope of the present disclosure.

As shown in FIGURE 8 800, the frame structure for a network to support multiple
services 800 comprises a plurality of cells (e.g., slices, services) 810a, §10b, 810c, and
a plurality of cells (e.g., slices, services) 8§10d, 820a, §20b, 820c, §20d, 830a, 830b,
830c, 830d, 830e, and 830f.

The number of configured slices in the network can change in time. During the time
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duration of T1, the X MHz BW corresponds to a single serving cell (denoted as cell 1),
or a single slice (denoted as slice 0), 810a, 810c. During the time duration of T2
followed by T1, in one alternative embodiment, two slices/services/UEs 820a, 820b are
FDM'ed in the BW and in another alternative embodiment, two slices/services/UEs
820c, 820d are TDM'ed. During the time duration of T3 followed by T2, the X MHz
BW operates as a single serving cell or a single slice, 810b, 8§10d, again. During the
time duration of T4 followed by T3, in one alternative embodiment, three slices/
services/UEs (830a, 830b, and 830c) are FDM'ed in the BW.

In some embodiments, slice/service/UE 1 830d is TDM'ed with slices/services/UEs 2
and 3, 830e, 830f, and slices/services/UEs 2 and 3, 830e and 830f, are FDM'ed. This
frame structure provides flexibility to deploy the network in a time varying manner, to
cope with time-varying sets of traffic types. In such embodiments, the number of
configured slices in a BW of a network is time-varying. In one embodiment, the BW of
X MHz comprises a cell 8§10a, 810b, 810c, 810d in time intervals of T1 and T3. The
same BW is partitioned into BWs for the two slices 820a and §20b in time interval T2,
and three BWs for the three slices 830a, 830b and 830c in time interval T4.

In some embodiments, control signaling conveyed in cell 1, 810a, 810b, 810c, 810d,
contains information on the identity of the slices and time-frequency resources for the
slices located in the next interval. In some embodiments, the network configures and
operates according to a common time duration for the cell-based operation (i.e., T1 =
T3). In some embodiments, the network configures and operates according to a
common time duration for the slice-based operation (i.e., T2 = T4), regardless of the
number of configured slices.

In some embodiments, cell-based operation 810a, 810b, 810c, 810d can also
correspond to operation for a slice, say Slice 0, which can be referred to as an anchor
slice. In some embodiments, the network configures and operates with periodically
recurring cell-based (or anchor-slice) operation durations (time-frequency regions). In
other words, the cell-based operation §10a, 810b, 810c, 810d and its previous and
future recurrence occurs with a constant period P (in OFDM symbols, or alternatively
in subframes/slots).

In some embodiments, the cell-based operation region §10a, 810b, 8§10c, 810d
includes synchronization signals and primary broadcast signals (which contains
essential broadcast information).

In some embodiments, synchronization signals and primary broadcast signals are
transmitted in a contiguous subset of the X MHz during the cell-based operation 810a,
810b, 810c, 810d occurs (e.g., slice-common PHY channel). In such embodiments, the
synchronization signals and primary broadcast signals are transmitted in a center

subband of the X MHz. In such embodiments, an additional broadcast signaling is
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conveyed in the center subband of the XMHz to indicate the slice BW allocation in the
subsequent time interval.

In some embodiments, the cell-based operation region §10a, 810b, §10c, §10d also
includes a set of UL resources that can be used for UL random access for UL synchro-
nization. In some embodiments, the anchor slices are used for control signaling Tx/Rx
and non-anchor slices are used for data Tx/Rx. In FDD systems, the UL and the DL
anchor slices are configured in the same time duration, i.e., T1 and T3 (810a, §10b,
810c, 810d).

In TDD systems, the time domain resource on which UL anchor slice is configured is
a positive offset different from the time domain resource on which DL anchor slice is
configured. In one example, if the DL anchor is configured in subframe n, the UL
anchor is configured in subframe n+k, wherein k = 1, 2, 3, 4,.... The offset number (k)
can be configured explicitly in the DCI transmitted in the DL anchor slice, or im-
plicitly e.g., by the random access channel (RACH) configuration.

In some embodiments, a UE is semi-statically higher-layer configured with one or
more slices (or virtual cells). The UE is further configured to track the time frequency
resources of every configured slice. In such embodiments (slice-common control
signaling), the UE is configured to receive and process a control information
transmitted in a cell-based operation region 810a, for obtaining information regarding
the time frequency resources of every configured slice. Alternatively, in another such
embodiment (slice-specific control signaling), the UE is configured to receive and
process a control information transmitted in a cell-based operation region 810a, for
obtaining information regarding the time frequency resources of each configured slice.

In some embodiments, the UE is configured to process N control signaling if the UE
is configured with N slices, where N =1, 2,.... These N control signaling may be
conveyed on N x physical downlink control channels (PDCCHs), whose cyclic re-
dundancy checks (CRCs) are scrambled with slice-specific identifiers (IDs). For
example, the CRC of a first control signaling for a first slice is scrambled with a first
ID and the CRC of a second control signaling for a second slice is scrambled with a
second ID, and so on.

Either slice-common or slice-specific can be either UE-specifically or cell-
specifically signaled. In case the signaling is UE-specifically performed, the CRC(s) of
the xPDCCH(s) are scrambled with the UE-ID (as well as either slice-specific ID(s) or
slice-common ID).

In some embodiments, the control information contains at least one of the following
parameters: time duration of the next slice-specific frame, i.e., T2; a number of
configured slices in T2; time/Frequency partition indication of every configured slice;

and numerology parameters for every (or alternatively, a single) configured slice. Code
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block to RE mapping method (i.e., time-first or frequency first mapping according to
FIGURE 13 1300, FIGURE 14 1400 or FIGURE 15 1500) for every configured slice

FIGURE 9 900 illustrates another example of a frame structure for a network to
support multiple services according to embodiments of the present disclosure. An em-
bodiment of the frame structure for a network to support multiple services shown in
FIGURE 9 900 is for illustration only. One or more of the components illustrated in
FIGURE 9 900 can be implemented in specialized circuitry configured to perform the
noted functions or one or more of the components can be implemented by one or more
processors executing instructions to perform the noted functions. Other embodiments
are used without departing from the scope of the present disclosure.

As shown in FIGURE 9 900, the frame structure for a network to support multiple
services comprises a BW 1 910, a BW 2 950, a control (CTRL) 905, 920, 960a, 960b,
a cells 905b, a data frame/subframe/TTI for slice 1 930, a data frame/subframe/TTI for
slice 2 970a, 970b.

In some embodiments, during a first time duration corresponding to cell-based (or
anchor-slice) control, 905a, and a data frame/subframe/TT1I for cell 1, 905b, full BW is
utilized for cell 1. In some embodiments, during the first time duration corresponding
to 905a and 905b, a control signaling is conveyed to indicate UEs of the slice-specific
time-frequency allocation to support the two slices in the two BW 910 and 950.

FIGURE 10 1000 illustrates an example of a self-contained frame structure according
to embodiments of the present disclosure. An embodiment of the self-contained frame
structure shown in FIGURE 10 1000 is for illustration only. One or more of the
components illustrated in FIGURE 10 1000 can be implemented in specialized
circuitry configured to perform the noted functions or one or more of the components
can be implemented by one or more processors executing instructions to perform the
noted functions. Other embodiments are used without departing from the scope of the
present disclosure.

As shown in FIGURE 10 1000, self-contained frame structure comprises a plurality
of subframes 1001, 1002. Furthermore, the subframes 1001 and 1002 comprise a
plurality of subframes 1015a, 1015b, m an SB 1 1005a, an SB 2 1005b, a UL ctrl
1040b, a plurality of DL data 1020a, 1020b, a guard band (G) 1030a, 1030b. The
subframe 1015a refers to a portion corresponding to SB 1 1005a in the subframes 1001
and 1002, and the subframe 1015b refers to a portion corresponding to SB 2 1005b in
the subframes 1001 and 1002.

In some embodiments, SB1, 1005a is configured for a first slice (slice 1); and SB2,
1005b is configured for a second slice (slice 2). For SB1, 1005a, a subframe 1005
comprises DL data 1020a, the guard interval (1030a), and the UL control (1040a). For
SB2, in one alternative embodiment, the subframe 1005 comprises the DL data 1020b,
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the guard interval (1030b) and the UL control (1040b). For SB2, in one alternative em-
bodiment, a subframe 1015b comprises DL data 1020c and 1020d, a blank interval
(1050), a guard interval (1030b) and UL control (1040b). In some embodiments, the
DL data duration 1020a, 1020b may further comprise DL PHY control duration
620a/660a followed by DL PHY data duration 630a/670a. Guard interval 1030a, 1030b
are provided to give the UE sufficient time to decode DL data to generate A/N, and
also to apply timing advance to transmit the A/N carried in the UL control interval
(1040a, 1040b).

In some embodiments as illustrated in 1001 of FIGURE 10 1000, the lengths of the
DL data duration 1020a, 1020b can be configured slice-specifically. In particular,
depending on the configured applications (and slices), the lengths of the DL data
duration 1020a, 1020b can be differently configured.

In one such embodiment, a UE is allocated with two slices, the eMBB slice 560a and
the URLL slice 540a. The PHY signals corresponding to the eMBB slice 560a are Tx/
Rx'ed in the SB2, 1005b and the PHY signals corresponding to the URLL slice 540a is
Tx/Rx'ed in SB1, 1005a. For SB1 1005a for the URLL slice 540a, a shorter DL data
duration is configured, and for SB2 1005b for the eMBB slice 560a, a longer DL data
duration is configured. With the longer DL data duration, spectral efficiency for the
eMBB slice 560a is improved thanks to less overhead ratio. With the shorter DL data
duration, latency for the URLL slice 540a is reduced.

For eNB operation, multiplexing of UL reception and DL transmission in the same
time resources should be avoided, as it introduces large interference to UL reception at
the LNA (low-noise amplifier), caused from the high-power transmitted DL signal,
which will make UL decoding practically infeasible. The blank interval 1050 il-
lustrated in 1002 is useful to prevent this situation from happening. Without the blank
interval 1050, the UL control 1040a and DL data 1020b collide in time, which creates
the referred issue.

In some embodiments, eNB configures its controller such that the blank interval
1050 is aligned with the UL control interval 1040a, as illustrated in FIGURE 10 1000.

In some embodiments, the location of the blank interval 1050 is indicated to a
serving UE receiving the DL data on SB2 1005b in a control signaling. In this case, the
UE is aware of the blank interval 1050, and the UE shall assume that the DL
modulation symbols are mapped onto only those DL data regions (e.g. an area
excluding the blank interval 1050 among the allocated areas) of 1020c and 1020d. In
other words, the UE should apply rate matching around the blank interval 1050 for the
DL data reception.

In some embodiments, the location of blank interval 1050 is predefined or configured

by higher layer for a subframe, but the presence of the blank interval is indicated in a
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control signaling. The control signaling that indicates the location or the presence of
the blank interval can be delivered in a dynamic control channel that can be transmitted
every subframe 1015b. The dynamic control channel can be a dedicated control
channel that signals DL assignment to the UE, or a common control channel for a
group of or all serving UEs.

In some alternative embodiments, eNB applies a lower-rate channel coding to cope
with the data puncturing due to the blank interval. In this case the UE is NOT aware of
the blank interval 1050, and the UE assumes that the DL. modulation symbols are
mapped onto DL data region of 1020b. This method is applicable when RE mapping
methods illustrated in 1300 and 1500 are used.

FIGURE 11A 1100A illustrates an example of a self-contained frame structure with
2 slices according to embodiments of the present disclosure. An embodiment of the
self-contained frame structure with 2 slices shown in FIGURE 11A 1100A is for il-
lustration only. One or more of the components illustrated in FIGURE 11A 1100A can
be implemented in specialized circuitry configured to perform the noted functions or
one or more of the components can be implemented by one or more processors
executing instructions to perform the noted functions. Other embodiments are used
without departing from the scope of the present disclosure.

As shown in FIGURE 11A 1100A, the self-contained frame structure with 2 slices
1100A comprises a frame 1105A and bandwidth (B) MHz 1110A. In FIGURE 11A
1100A, the X (horizontal) axis represents time, whereas the Y (vertical) axis represents
frequency. "SF" refers to a sub-frame within a frame; "DL" represents a downlink
transmission (eNodeB to UE), "UL" refers to an uplink transmission (UE to eNodeB),
"SRS" refers to an uplink pilot sequence transmitted by the UE, "A/N" refers to the
ack-nack feedback from a UE regarding the reception success or failure of a downlink
packet transmitted on a downlink subframe (SF), "PDCCH(physical downlink control
channel)" refers to a control channel, "PDSCH(physical downlink shared channel)”
refers to a data channel, "CRS(common reference signal or cell-specific reference
signal" refers to a set of pilot reference samples known to all UEs used to demodulate
the control channel, "UERS" refers to a set of pilot reference samples used to de-
modulate a UE specific PDSCH.

In some embodiments, time gaps between DL and UL SFs, UL and DL SFs, or
between a DL SF and the following DL SF are implemented.

As illustrated in FIGURE 11A 1100A, an overall bandwidth of B MHz is allocated
among K UEs such that each UE can be allocated up-to 2 service slices. It is to be un-
derstood that 2 services slices are exemplary. PDCCHO is the common control channel
that is interpreted by all UEs; in an embodiment, it may indicate the number of slices
and the slice boundaries. The location of PDCCHO would be known to all UEs. If the
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contents of PDCCHO indicate the presence of 2 slices, as in this example, the locations
of the slice-specific control channels PDCCHI1 (for slice #1) and PDCCH2 (for slice
#2) would be known to the UEs; PDCCH1 and PDCCH2 are located inside the
resource allocation corresponding to the respective slice. The common reference signal
(CRS) pilots are used to demodulate the PDCCHO, PDCCH1 and PDCCH2.

In some embodiments, a frame of Slice 1 contains the PDCCHI1 region followed by
N1 DL SFs, followed by a single UL SF containing the SRS as well as the ack-nack
feedback for the packets transmitted in the DL portion of the frame. In another em-
bodiment of this invention, the a UL SF containing the SRS may be present following
a DL SF containing only PDCCHI, or following some other DL SF other than DL SF
#N1. PDCCHI indicates the DL resources allocated to a set of UEs within Slicel for
the entirety of the frame. All the UEs allocated DL resources in the frame send back
ack-nack feedback in the UL SF at the end of the frame. A set of UEs, which may be
larger than the set of UEs allocated resources in the frame, transmits the SRS either in
the UL SF at the end of the frame or another UL SF in the frame. In some em-
bodiments, the SRS transmissions occur before the A/N transmissions.

The slice 2 is divided in time into a set of SFs beginning with a DL SF beginning
with a slice control channel PDCCH2 and terminated by a UL SF. For each set of such
SFs, the control channel PDCCH?2 indicates the DL SFs allocated to a set of UEs.
These set of UEs transmit ack-nack feedback in the UL SF at the end of that set of SFs.
A set of UEs, which may be larger than the set of UEs allocated resources in the frame,
transmits the SRS either in the UL SF at the end of the frame or another UL SF in the
frame. In one embodiment, the SRS transmissions occur before the A/N transmissions.

FIGURE 11B 1100B illustrates an example of a self-contained frame structure with a
single slice according to embodiments of the present disclosure. An embodiment of the
self-contained frame structure with a single slice shown in FIGURE 11B 1100B is for
illustration only. One or more of the components illustrated in FIGURE 11B 1100B
can be implemented in specialized circuitry configured to perform the noted functions
or one or more of the components can be implemented by one or more processors
executing instructions to perform the noted functions. Other embodiments are used
without departing from the scope of the present disclosure. As shown in FIGURE 11B
1100B, self-contained frame structure with a single slice comprises a frame 1105B and
a bandwidth (B) MHz 1110B.

FIGURE 11C 1100C illustrates another example of a self-contained frame structure
with 2 slices according to embodiments of the present disclosure. An embodiment of
the self-contained frame structure with 2 slices shown in FIGURE 11C 1100C is for il-
lustration only. One or more of the components illustrated in FIGURE 11C 1100C can

be implemented in specialized circuitry configured to perform the noted functions or
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one or more of the components can be implemented by one or more processors
executing instructions to perform the noted functions. Other embodiments are used
without departing from the scope of the present disclosure. As shown in FIGURE 11C
1100C, self-contained frame structure with a single slice 1100C comprises a frame
1105C and a bandwidth (B) MHz 1110C. In some embodiments, frame structures with
only Slice 1 and Slice2 operation are shown in FIGURE 11B 1100B and FIGURE 11C
1100C.

FIGURE 12A 1200A illustrates an example of a frame/subframe/TTI composition
according to embodiments of the present disclosure. An embodiment of the frame/
subframe/TTI composition shown in FIGURE 12A 1200A is for illustration only. One
or more of the components illustrated in FIGURE 12A 1200A can be implemented in
specialized circuitry configured to perform the noted functions or one or more of the
components can be implemented by one or more processors executing instructions to
perform the noted functions. Other embodiments are used without departing from the
scope of the present disclosure. As shown in FIGURE 12A 1200A, the frame/
subframe/TTI composition comprises a plurality of slots (slot 0, slot 1, slot n-1) 1220a,
1220b, 1220c, a plurality of RSs 1230a, and a plurality of data 1240a.

In some embodiments, a subframe or a frame or a TTI 1200A (corresponding to DL
data region, 1020a, 1020b) comprises an n number of time slots (1220a, 1220b,
1220c). Each time slot comprises a number of reference signal OFDM (RS OFDM)
symbols 1230a followed by a number of data OFDM symbols 1240a. This particular
allocation method can be beneficial for UE to get channel estimates before the data de-
modulation.

In some embodiments, the UE may assume that a same precoder is applied to the RS
1230a across the entire subframe 1210 for channel estimation purpose. In these em-
bodiments, the UE can interpolate channel estimates across the time slots to get better-
quality channel estimates. In some embodiments, the UE may assume that precoders
are applied to the RSa 1230a per time slot 1220a, 1220b, 1220c. In such embodiments,
the UE may not interpolate channel estimates across the time slots to get better-quality
channel estimates.

In some embodiments, whether or not the UE may assume the same precoder is
applied across the entire subframe 1210 can be slice-specific; in one such embodiment,
this information can be conveyed by a control signaling. In one such embodiment, the
control signaling is dynamically transmitted per subframe, and the UE assumption
changes on subframe basis (based on network scheduling decision).

In some embodiments, whether or not the UE may assume the same precoder is
applied across the entire subframe 1210 for a slice is determined dependent upon

subframe duration and/or frequency location of the slice; in one such embodiment, this
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information can be conveyed by a control signaling.

FIGURE 12B 1200B illustrates another example of a frame/subframe/TTI com-
position according to embodiments of the present disclosure. An embodiment of the
frame/subframe/TTI composition shown in FIGURE 12B 1200B is for illustration
only. One or more of the components illustrated in FIGURE 12B 1200B can be im-
plemented in specialized circuitry configured to perform the noted functions or one or
more of the components can be implemented by one or more processors executing in-
structions to perform the noted functions. Other embodiments are used without
departing from the scope of the present disclosure. As shown in FIGURE 12B 1200B,
frame/subframe/TTI composition comprises a frequency locations 1210b, 1240b (e.g.,
frequency subband, subband), a subframe for slice A 1220b, a plurality of subframe for
slice Bs 1230b, 1250b (entire subframe).

In some embodiments, slice A is configured with a subframe duration and the
frequency location 1210b; whereas slice B is configured with a subframe duration
1230b and the frequency locations 1210b and 1240b. Slice A and slice B are spatially
multiplexed on the frequency subband 1210b; whereas only slice B is operating on the
frequency subband 1240b. In one such embodiment, when a UE that is configured to
receive on slice A on the subband 1210b on which the two slices are spatially mul-
tiplexed, the UE assume the same precoder is applied across the entire subframe 1220b
(e.g., time slot).

In one such embodiment, when a UE is configured to receive on slice B on the
subband 1210b on which the two slices are spatially multiplexed, the UE shall not
assume the same precoder is applied across the entire subframe 1230b; instead, the UE
may assume the same precoder is applied across the time duration corresponding to
subframe duration of slice A. In such a case, the subframe duration of slice A can be
equivalent to a slot duration. This per-slot precoder adaptation for slice B can help
adapt certain classes of MU-MIMO precoders, e.g., SLNR(signal-to-leakage-and-noise
ratio) precoders or ZF (zero forcing) precoders.

In one such embodiment, when a UE is configured to receive on slice B on the
subband 1240b (e.g., frequency location) on which only one slice is present, the UE
may assume the same precoder is applied across the entire subframe 1250b. In such
embodiments, a UE configured with slice B is informed the precoding granularity as-
sumption per subband for demodulation, wherein the assumption is either per subband
or per subframe; and a UE configured with slice A is informed to apply the precoding
granularity assumption of per-subframe precoding for demodulation.

In some embodiments, for a slice corresponding to an eMMB or with a large
subframe duration, the UE may not assume the same precoder is applied across the

entire subframe/TTI; whereas for a slice corresponding to URLL or with a short
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subframe/TTI duration, the UE may assume the same precoder is applied across the
entire subframe/TTI 1210 or 1005a, 1005b. This is because the network may perform
multi-user precoding on slices of different subframe/TTI duration over the same time-
frequency resources.

In some embodiments, whether or not the UE may assume the same precoder is
applied in an entire subframe/TTI 1210 is signaled by the network (regardless of the
slice configured). The signaling can be provided by higher layer signaling or by
dynamic control signaling. With dynamic control signaling per subframe/TTI, the UE
assumption can change on subframe/TTI basis (based on network scheduling decision).

The time-domain precoding granularity can be separately configured for the signal
DMRS ports and the interference DMRS ports. The DCI to schedule a PDSCH may
include explicit information of the signal DMRS ports (port numbers), on which the
UE needs to demodulate the PDSCH. The interference DMRS ports (DMRS ports
other than configured for the signal DMRS ports) may be implicitly or explicitly
obtained by the UE. The UE may get further indicated by a field in the DCI (or an in-
formation element in an RRC signaling or on a mediumaccesscontrol layer control
element (MAC CE)) what to assume for the precoding granularity in the time domain,
for the signal and the interference DMRS ports.

Table 1 illustrates an example construction of the indication field (or the information
element) to indicate the precoding granularity for the signal and the interference de-
modulation reference signal (DMRS) ports. When the state is '0' the UE should assume
that the precoding granularity is per time slot for both signal and interference DMRS
ports. When the state is '1', 2" and '3' the precoding granularity is interpreted according

to the state of the field according to the entries of the table.
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Table 1
Precoding
State of the field (or the information element)
granularity
State of the field in
0 1 2 3
the DCI
Forthe signal DMRS |  Per time Per Per
Per time slot
ports slot subframe/TTI | subframe/TTI
For the interference Per time Per Per
Per time slot
DMRS ports slot subframe/TTI subframe/TTI

[183]

Table 2 illustrates another example construction of the indication field (or the in-
formation element) to indicate the precoding granularity for the signal and the in-
terference DMRS ports. When the state is '0' the UE should assume that the precoding
granularity is per subframe for both signal and interference DMRS ports. When the
state is '1', 2" and '3' the precoding granularity is interpreted according to the state of
the field according to the entries of the table. When precoding granularity is "across a
number of subframes(e.g., slots)," the UE should also be indicated the identity of the
subframes/slots for which the UE may assume the same precoding. In one method,
those subframes/slots correspond to S consecutive subframes/slots for which
PDSCH(s) are scheduled for the UE by the DCI; the integer S = 1, 2, 3.... can be
configured by RRC or dynamically signaled in the DCI. In another method, time
domain precoding granularity is configured by subframe/slot period P and subframe/
slot offset O. UE may assume that a same precoding is applied across scheduled
PDSCHs within subframes/slots {Pk + O + n} whereinn =0, 1,..., P-1 for a given

integer k.



33

WO 2017/123045 PCT/KR2017/000468
[184] Table 2
Precoding granularity State of the field (or the information element)
State of the field n the
0 1 2 3
DCI
Across a number
For the signal DMRS Per Per Across a number
of
ports subframe/slot | subframe/slot | of subframes/slots
subframes/slots
Across a Across a number
For the interference Per
number of Per subframe/slot of
DMRS ports subframe/slot
subframes/slot subframes/slots
[185] In some embodiments, a number of transport blocks (TBs) are encoded and mapped

to the data region of a subframe/frame 1200. Each transport block can be partitioned
into a number of code blocks, which are separately encoded by a channel encoder (e.g.,
3GPP Turbo encoder, LDPC encoder, Reed-Muler encoder, convolutional encoder,
etc.).

[186] In some embodiments, one (SIMO) or two (MIMO) transport/code blocks are
encoded and mapped in each time slot of a subframe/TTI 1210. In this case, when a
subframe/TTI comprises n time slots, n or 2n transport/code blocks are mapped in the
subframe/TTI. In one embodiment, A/N is generated per transport/code block, and the
UE is configured to feedback n or 2n A/N bits after decoding the transport/code
blocks. In an alternative embodiment, one A/N is generated for the all transport/code
blocks, taking logical AND operation across the decoding results of all the transport/
code blocks.

[187] In some embodiments, an integer number of code blocks are mapped per time slot,
but the total number of transport blocks is one (e.g., in case of SIMO transmissions) or
two (e.g., in case of MIMO transmissions) in each subframe/TTI 1210.

[188] FIGURE 13 1300 illustrates an example of a resource element mapping of data
modulation symbols according to embodiments of the present disclosure. An em-
bodiment of the resource element mapping of data modulation symbols shown in
FIGURE 13 1300 is for illustration only. One or more of the components illustrated in
FIGURE 13 1300 can be implemented in specialized circuitry configured to perform
the noted functions or one or more of the components can be implemented by one or
more processors executing instructions to perform the noted functions. Other em-

bodiments are used without departing from the scope of the present disclosure.
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As shown in FIGURE 13 1300, resource element mapping of data modulation
symbols comprises a slot 0 1310a, a slot 1, 1310b, a plurality of RE mapping regions
1320a, 1320b, 1320c, and a data resource elements 1330.

In some embodiments, a transport block comprises a number of code blocks. In some
embodiments, a time slot comprises L OFDM symbols; and a subframe comprises T
OFDM symbols. In some embodiments, a UE is configured to receive a transport block
comprising a number of code blocks in a subframe/TTI on K subcarriers.

In some embodiments, modulation symbols corresponding to a first code block (CB)
of the transport block are sequentially mapped to data resource elements 1330 corre-
sponding to OFDM symbols 0,..., L-1 comprising a time slot (1310a, 1310b) on
subcarrier 0, and then on subcarrier 1, and so forth. As illustrated in 1320a, wherein ¢,
Cy, ..., Cnep are symbols for a modulation symbol stream of the first code block. Once
the modulation symbols corresponding to the first code block are completely mapped,
modulation symbols corresponding to a second code block of the transport block are
sequentially mapped in the next available resource, according to this "time-first
mapping". This is illustrated in 1320b, wherein d,, d,, ..., dxcg are symbols for a
modulation symbol stream of the second code block. Once slot 0 1310a is filled with
modulation symbols according to this manner, slot 1 1310b is mapped with modulation
symbols according to this time first mapping. 1320c illustrates the mapping of a
modulation symbol stream {e, €, ...., excs } of a third code block.

In some embodiment, a UE can still robustly decode transport block even if an
OFDM symbol is erased. This mapping method can be useful for an eMBB to cope
with occasional OFDM symbol-level puncturing of an eMBB transport blocks e.g., for
multiplexing URLL with the eMBB, especially when the eMBB UEs do not require
very stringent latency requirement and have sufficient buffer.

FIGURE 14 1400 illustrates another example of a resource element mapping of data
modulation symbols according to embodiments of the present disclosure. An em-
bodiment of resource element mapping of data modulation symbols shown in FIGURE
14 1400 is for illustration only. One or more of the components illustrated in FIGURE
14 1400 can be implemented in specialized circuitry configured to perform the noted
functions or one or more of the components can be implemented by one or more
processors executing instructions to perform the noted functions. Other embodiments
are used without departing from the scope of the present disclosure.

As shown in FIGURE 14 1400, the resource element mapping of data modulation
symbols comprises a slot 0 1410a, an RE mapping region 1420, and a data resource
element 1430.

In some embodiments, modulation symbols { cq, ¢y, ..., Cncs } corresponding to a first

code block are sequentially mapped to the REs 1430 corresponding to subcarriers O, ...,
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K-1 comprising an assigned BW on OFDM symbol 0, and then on OFDM symbol 2,
and so forth. As illustrated in 1420. Once the modulation symbols corresponding to the
first code block are completely mapped, modulation symbols corresponding to a
second code block are sequentially mapped in the next available resource, according to
this "frequency-first mapping" described here.

In some embodiments, a UE does not need to buffer much of received signals. The
transport blocks are sequentially decoded in time, once decoding of a transport block is
over the received signals corresponding to the transport block can be discarded. In such
embodiments, a less decoding latency occurs, and hence more suitable for URLL types
of applications are achieved.

FIGURE 15 1500 illustrates yet another example of a resource element mapping of
data modulation symbols according to embodiments of the present disclosure. An em-
bodiment of the resource element mapping of data modulation symbols 1500 shown in
FIGURE 15 1500 is for illustration only. One or more of the components illustrated in
FIGURE 15 1500 can be implemented in specialized circuitry configured to perform
the noted functions or one or more of the components can be implemented by one or
more processors executing instructions to perform the noted functions. Other em-
bodiments are used without departing from the scope of the present disclosure.

As shown in FIGURE 15 1500, the resource element mapping of data modulation
symbols 1500 comprises a slot 0 1510a, a plurality of RE mapping regions 1520a,
1520b, and a data resource element 1530 (e.g., RE).

In some embodiments, modulation symbols { ¢, ¢y, ..., Cxcg } corresponding to a first
code block are sequentially mapped to REs 1530 corresponding to OFDM symbols 0,
..., T-1 comprising a subframe (1510) on subcarrier 0, and then on subcarrier 1, and so
forth. As illustrated in FIGURE 15 1500, once the modulation symbols corresponding
to the first code block are completely mapped, modulation symbols corresponding to a
second code block are sequentially mapped in the next available resource, according to
this "time-first mapping" described here. This is illustrated in 1520b.

In some embodiments, an RE mapping method is slice-specifically configured,
wherein the control signaling conveying the RE mapping method is transmitted in the
cell-based operation (or the anchor slice) region 810a or 810b. In one such em-
bodiment, the eNB configures the time first mapping (either 1300 or 1500) for the
eMBB slice 560a, and the frequency first mapping (e.g., FIGURE 14 1400) for the
URLL slice 540a.

It is noted that some PHY functions are bound to be slice-common, and some other
PHY functions can be made slice-specific. In some embodiments, NW (network)
planning is slice-specific; that is, different set of serving cells/sites are configured/

utilized for different slices. In some embodiments, a first UE configured with a first
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slice can Tx/Rx on PHY channels corresponding to a first set of serving cells/sites; and
a second UE configured with a second slice can Tx/Rx on PHY channels corre-
sponding to a second set of serving cells/sites. In such embodiments, a network
comprises the network nodes 530a, 530b, 535a and 535b (e.g., eNBs). The first set of
serving cells/sites for the first slice correspond to 530a and 530b; and the second set of
serving cells/sites for the second slice correspond to 535a and 535b.

In some embodiments, a UE is configured to Tx/Rx on a single slice. In such em-
bodiments, a slice-specific Tx/Rx occurs within the UE's configured serving cells. It is
noted that the number of configured serving cells can be more than one if carrier ag-
gregation is configured for the UE. In some embodiments, a UE is configured to Tx/Rx
on multiple slices.

FIGURE 16 1600 illustrates an example of a user equipment (UE) operation
according to embodiments of the present disclosure, as may be performed by a UE. An
embodiment of the UE operation shown in FIGURE 16 1600 is for illustration only.
One or more of the components illustrated in FIGURE 16 1600 can be implemented in
specialized circuitry configured to perform the noted functions or one or more of the
components can be implemented by one or more processors executing instructions to
perform the noted functions. Other embodiments are used without departing from the
scope of the present disclosure.

In some embodiments, a UE is firstly configured with a slice in a higher layer at step
1610. In one such embodiment, the UE is configured with a "default" slice without
network intervention (i.e., the UE is manufactured to camp on a "default” slice in a
factory setting). In another such embodiment, a slice that has been configured by the
NW in a previous communication is configured again as a "default" slice at step 1610.

In some embodiments, the default slice configuration is implicit at step 1610, in
which case the UE is configured to camp on a cell-based operation duration/region
810a, 810b, 810c, 810d. Followed by the "default” slice configuration at step 1610, the
UE is further configured to synchronize with a network node (or a set of quasi co-
located network nodes) at step 1620. For this synchronization operation, the network
provides synchronization signals (SS), which can be partitioned into primary SS (PSS)
and secondary SS (SSS). The SS (or PSS/SSS) are scrambled with a scrambling
sequence initialized with a scrambling identity, nID, 1.

Followed by the synchronization operation at step 1620, the UE is further configured
to receive system information at step 1630. The system information may be transmitted
via broadcast signaling. The system information may be transmitted as two ways via
the broadcast signaling. As the first way, the UE may receive the system information
referred as master information block (MIB) on primary broadcast channel (PBCH)

whose demodulation is aided by a first reference signal (denoted by RS1). As the
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second way, the UE may receive the system information referred as system in-
formation blocks (SIBs). The SIBs are scheduled on physical downlink signals (PHY
signals), physical downlink channel (PDCH), whose demodulation is also aided by a
first reference signal, denoted by RS1. These PHY signals, PBCH, PDCH and RS1 are
scrambled with their respective scrambling sequences initialized with nlID, 1.

In some embodiments, PDCH includes physical downlink control channels
(PDCCH), physical downlink shared channels (PDSCH), and so on. Followed by the
broadcast signaling operation at step 1630, the UE is further configured to perform UL
initial access (or random access procedure) at step 1640. Followed by the UL initial
access at step 1640, the UE can be further configured in a higher layer with slice(s) at
step 1650 for subsequent operations. The higher layer signaling is UE-specific, and can
be conveyed in the random access response (RAR). In some embodiments, the slice
configuration at step 1650 is omitted, when the UE is configured to operate with the
default slice configured at step 1610.

Followed by the slice configuration at step 1650 or the UL initial access at step 1640,
the UE is further configured to receive slice-specific PHY resource configuration at
step 1660 on PDCH, whose demodulation is aided by a second reference signal, RS2.
These PHY signals, PDCH and RS2 are scrambled with their respective scrambling
sequences initialized with a scrambling identity, nID,2.

Followed by the PHY resource configuration at step 1660, the UE is further
configured to Tx/Rx on slice-specific PHY resources at step 1670 on S-PDCH
(slice-specific PDCH), whose demodulation is aided by a third reference signal (RS3).
These PHY signals, S-PDCH, and RS2 are scrambled with their respective scrambling
sequences initialized with a scrambling identity, nID,3. In some embodiments, the
broadcast signaling at step 1620 and the slice-specific PHY resource configuration at
step 1660 are transmitted in a subband located on the center of the system BW,
wherein the center subband also includes the DL synchronization signal at step 1620.
A UE configured with a slice is configured to decode the slice-specific information
including the slice-specific PHY time frequency resource during the steps of 1640 and
1660, and Tx/Rx in the configured slice-specific PHY time-frequency resource.

In some embodiments, all the 3 scrambling identities, i.e., nID,1, nID,2 and nID,3 are
the same. In one such embodiment, the common scrambling ID corresponds to a
physical cell ID. In some embodiments, nID,1 and nID,2 are the same, and are equal to
a physical cell ID; and nID,3 is a slice-specific ID. In some embodiments, nID, 1 is
equal to a physical cell ID; and nID,2 and nID,3 are the same, and are equal to a slice-
specific ID. In some embodiments, a UE is configured to blindly detect a physical cell
ID (in one such embodiment, it is equal to nID, 1), during the DL synchronization at
step 1620.
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In some embodiments, slice-specific ID(s) corresponding to the NW configured
slice(s) is(are) indicated by the slice-specific PHY resource configuration at step 1660.
In some embodiments, slice-specific ID(s) corresponding to the NW configured
slice(s) is(are) indicated by the broadcast signaling at step 1630. In some embodiments,
a slice-specific ID is a virtual cell ID, whose value is selected from a set of physical
cell IDs. In some embodiments, RS1 and RS2 are a first type of RS, and RS3 is a
second type of RS. In some embodiments, RS1, RS2 and RS3 are of a same type of
RS.

In some embodiments (slice-common access), each UE configured with a slice is
further configured by RRC (or higher-layer signaling) to identify time/frequency
resources and numerology parameters of the slice-specific PHY channels corre-
sponding to the configured slice. In such embodiments, the higher-layer signaling is
conveyed in slice-common PHY channels 810a, 810b, 810c, and 810d. In the initial
access, the UE is configured to utilize a slice-common synchronization procedure and
system-information acquisition procedure in the slice-common PHY channels at step
1620. In such embodiments, the slice-common synchronization procedure at step 1620
can be serving-cell based procedure, in which case the sync channel sequences are
scrambled with a scrambling sequence initialized with a physical cell ID; and system-
information acquisition procedure using broadcasting signal at step 1630 is according
to cell-specific reference signals and primary broadcast signals (whose scrambling ini-
tialization is dependent upon the physical cell ID).

In some alternative embodiments (slice-specific access), each UE configured with a
slice is further configured to firstly detect slice-specific "signature” signals to identify
the time/frequency resources and numerology parameters of one slice-specific PHY
channel. In the initial access, the UE is configured to utilize a slice-specific synchro-
nization procedure and system-information acquisition procedure in the slice-specific
PHY channel. Once the UE identifies time/frequency resources and numerology pa-
rameters of the one slice-specific PHY channel, the UE is further configured to decode
slice-specific broadcast information, which contains information to identify time/
frequency resources and numerology parameters of other slice-specific PHY channels.

In some embodiments, a UE receives multiple services (slices) from a single TP (i.e.,
the eNB 530a or WiFi or small cell/femto/pico eNB 530c). In such embodiments, the
UE uses common PHY signals for receiving the multiple services (slices). For
example, signals provided for basic coverage and synchronization may be commonly
used for receiving/transmitting data corresponding to the multiple slices by the UE (as
a single network node provides the multiple services). Such signals may include syn-
chronization signals, primary broadcast signals and corresponding reference signals

(RS). Other RRC configurations and corresponding RS can be slice-specific. In such
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embodiments, a UE is configured with multiple "slices” that are conveyed in a single
serving cell. Some parameters including master information block are commonly ap-
plicable to those multiple slices; other parameters can be configured UE-specifically
per slice. It is noted that "slice” is a terminology introduced just for convenience to
refer to such an entity; "slice” can be named differently, e.g., virtual cells, hyper cells,
cells, etc.

FIGURE 17 1700 illustrates an example of a frame structure for an ultra reliable and
low latency (URLL) slice according to embodiments of the present disclosure. An em-
bodiment of the frame structure for the URLL slice shown in FIGURE 17 1700 is for
illustration only. One or more of the components illustrated in FIGURE 17 1700 can
be implemented in specialized circuitry configured to perform the noted functions or
one or more of the components can be implemented by one or more processors
executing instructions to perform the noted functions. Other embodiments are used
without departing from the scope of the present disclosure. As shown in FIGURE 17
1700, the frame structure for the URLL slice comprises a plurality of subframes (e.g.,
subframe durations) 1701, 1702, a DL control 1710a, a self-contained subframe 1710,
1720, 1730, 1740, 1750, a guard band 1710c, and a control 1710d.

A latency requirement for the URLL slice 540a in PHY can be Imsec. To meet this
latency requirement, a self-contained subframe duration (including DL control, data
and UL control) should not exceed 1 msec. Moreover, a UE or eNB may sometimes
need to wait for a valid subframe boundary, and hence the subframe duration needs to
be even far smaller than 1 msec.

In some embodiments, the subframe duration 1701 and 1702, on a URLL slice 540a
is a constant less than or equal to 0.5 msec. Having this frame structure, maximum
queuing delay of a UE's or eNB's small packet is 0.5 msec, and the data transmission
can happen within the following subframe duration. Hence, the resulting PHY latency
is less than or equal to 1msec.

In some embodiments, the subframe durations 1730, 1740 and 1750, on a URLL
slice 540a is a variable less than or equal to 0.5 msec, which may be dependent upon
the data packet size conveyed in the subframes. In this frame structure, subframe
boundary can be anywhere. When the system does not have any data transmission,
there can also be blank durations, 1760.

In these embodiments, a self-contained subframe may comprise DL control 1710a
that contains scheduling information for DL/UL data 1710b, DL/UL data 1710b, guard
period 1710c and UL/DL control 1710d that may contain A/N for the DL/UL data
1710b.

FIGURE 18 1800 illustrates an example of a frame structure for an enhanced mobile

broadband (eMBB) slice according to embodiments of the present disclosure. An em-
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bodiment of the frame structure for the eMBB slice 1800 shown in FIGURE 18 1800 is
for illustration only. One or more of the components illustrated in FIGURE 18 1800
can be implemented in specialized circuitry configured to perform the noted functions
or one or more of the components can be implemented by one or more processors
executing instructions to perform the noted functions. Other embodiments are used
without departing from the scope of the present disclosure. As shown in FIGURE 18
1800, the frame structure for the eMBB slice comprises a plurality of subframes 1801,
1802, a DL control 1810, 1850, a guard band 1830, 1870, a control 1840, 1880, and a
plurality of data 1860a, 1860b, 1860c for a first, second, and third UE.

In some embodiments, a self-contained subframe 1801 comprises DL control 1810,
DL/UL data 1820a, 1820b, 1820c, guard 1830 and UL/DL control 1840. DL control
1810 can schedule UEs' DL/UL data 1820a, 1820b/c multiplexed in a FDM manner. In
some embodiments, a self-contained subframe 1802 comprises DL control 1850, DL/
UL data 1860a, 1860b, 1860c, guard 1870 and UL/DL control 1880. DL control 1850
can schedule UEs' DL/UL data 1860a, 1860b, 1860c multiplexed in a TDM manner. In
such embodiments, DL control 1810/1850 can schedule DL/UL data of multiple UEs
according to any combination of FDM or TDM. In such embodiments, UL/DL control
1840/1880 contains A/N corresponding to the decoding results of the UL/DL data of
multiple UEs. The multiple UEs' A/N can be multiplexed according to any com-
bination of TDM, FDM or CDM.

In some embodiments, the frame structure of 1802 is used and the multiple UEs' DL/
UL data 1860a, 1860b, 1860c are multiplexed in a TDM manner. Then, the UL/DL
control 1840/1880 is also TDM'ed to account for the situation that the third UE's data
is decoded at the latest time. In some embodiments, multiple radio access technologies
(RATS) coexist in one or more spectrum bands. In one such embodiment, LTE, Wi-Fi,
and a New RAT are utilized by one or more operators on licensed or unlicensed
spectrum. In another such embodiment, multi-RATs are configured and utilized by the
network on one or more spectrum bands as different technology-specific slices.

FIGURE 19 1900 illustrates an example of a multi-radio access technology (RAT)
operation according to embodiments of the present disclosure. An embodiment of the
multi RAT operation shown in FIGURE 19 1900 is for illustration only. One or more
of the components illustrated in FIGURE 19 1900 can be implemented in specialized
circuitry configured to perform the noted functions or one or more of the components
can be implemented by one or more processors executing instructions to perform the
noted functions. Other embodiments are used without departing from the scope of the
present disclosure. As shown in FIGURE 19 1900, the multi RAT operation 1900
comprises a LTE-compatible slice 1901, a multi-RAT slice 1902, and a new RAT-
compatible slice 1903. Furthermore, the LTE-compatible slice perspective 1901
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comprises a plurality of LTE-compatible fields and a plurality of empty fields 1920.
The multi-RAT slice perspective 1902 comprises a new RAT field 1930. The new
RAT-compatible slice perspective comprises an empty field 1940.

As shown in FIGURE 19 1900, a configuration of multi-RAT slices on two carriers,
{1 and {2, is illustrated according to some embodiments of the current invention. In
FIGURE 19 1900, f1' denotes a bonded BW of f1+f2. In FIGURE 19 1900, a "slice"
can be interpreted as "subframes,"” "frames," or "UEs." The plurality of LTE-
compatible slices 1910 are configured on f1 and {2, while a single larger-bandwidth
new RAT slice (new RAT slice 1930) is configured on f1'.

In some embodiments, the multi-RAT frames (slice) 1902 can be differently seen by
different types of UEs. In one such embodiment, a UE that supports LTE interprets the
multi-RAT frame 1902 as the LTE-compatible slice 1901. In some embodiments, a UE
that supports only the new-RAT interprets the multi-RAT frame 1902 as a new-RAT
compatible slice 1903.

In some embodiments, an LTE UE configured on the multi-RAT frames 1902 can be
configured to continuously detect presence of CRS in the LTE compatible region of
1910. When CRS is not present in the "Empty" region 1920, the UE can skip reception
and assume that no control/data signals or channels are assumed to be present in the
empty fields 1920.

In some embodiments, an advanced UE configured on the multi-RAT frames 1902
can be configured to receive signals from both LTE compatible region 1910 and new
RAT region 1930. In some embodiments, an advanced UE configured on the multi-
RAT frames 1902 can be configured to receive signals from the new RAT region 1930.
Furthermore, the advanced UE can treat the LTE compatible region 1902 as "empty"
region 1940. In one embodiment, the advanced UE detects the new RAT region 1930,
by detecting a "signature"” signal different from LTE CRS.

In some embodiments, a UE is configured with the LTE-compatible slice 1910 as an
"anchor" slice. In some embodiments, a UE is configured with the new RAT slice 1930
as an anchor slice. In some embodiments, a UE is configured with an anchor slice for
each of the LTE-compatible slice 1910 and the new RAT slice 1930. In such em-
bodiments, the "anchor" slice provides system information for configuration and
operating on the other slices and also can serve as a "fallback" slice if connections to
the other slices are lost or during an IDLE mode period.

License-assisted access (LAA) is one example of a LTE-compatible technology
which can coexist with other RATs on the same carrier, since it operates with a frame
structure consisting of dynamic DL/UL bursts of subframes subject to a listen-before
talk (LBT) protocol.

In some embodiments, each multi-RAT slice 1902 utilizes an LBT protocol or other
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distributed spectrum sharing protocol (e.g. based on carrier sense multiple access with
collision avoidance (CSMA/CA)) in order to independently and dynamically access the
spectrum and coexist with other multi-RAT slices. This may be beneficial to support
forward compatibility, as the introduction of new PHY slices of different RATs can be
accomplished without requiring backwards compatibility of the other slices, or in-
troducing additional configuration signaling which older devices may not be able to
utilize.

In some embodiments, the multi-RAT slices 1902 are configured and scheduled by
one or more network entities (e.g. eNB or multi-RAT controller). The ratio of time/
frequency resources configured (e.g. TDM/FDM pattern) and utilized by each slice
may be determined based on service requirements (e.g. eMBB or URLL), traffic load
associated with each slice, or coverage requirement and exchanged across network
entities of one or more operators. This may be beneficial to support efficient mul-
tiplexing of the slices.

In some embodiments, different slices are FDM'ed wherein guard bands are present
to avoid time overlapping DL/UL subframes. Specifically, the new RAT slice 1930
operates on a larger bandwidth (f1') than either of the LTE-compatible PHY slices (f1
and £2) 1910. In this case coordination between the configurations of the different
slices is beneficial to avoid unnecessarily large "Empty" periods. In such embodiments,
a TDM/FDM pattern is established between the multi-RAT slices, which includes
some fixed or semi-statically configured resources for each slice and/or periods where
resources are flexibly allocated between slices of different RATs.

In some embodiments, the availability of one or more multi-RAT slices is indicated
by broadcast information; or alternatively, it is preconfigured to a given UE based on
device capability or service profile. In one such embodiment, a UE requests to be
configured with one or more Multi-RAT slices upon initial connection to an anchor
slice or upon initiation of one or more services which are associated with a slice. In
such embodiments, in case different slices are associated with multiple operators, the
operator identity (e.g. public land mobile network (PLMN)) may also be indicated as
part of the slice configuration signaling procedure.

5G supports diverse spectrum and diverse services and devices. The air interface of
5G needs to support scalable OFDM numerologies to meet diverse deployment
scenarios. Example of OFDM numerology includes at least one of subcarrier spacing, a
length of cyclic prefix (CP), or a number of OFDM symbols in one SF. In this present
disclosure, corresponding PHY designs to cope with multiple OFDM numerologies are
disclosed.

A wireless system may allow more than one OFDM numerology to different types of

transmissions. Depending on the configured OFDM numerology, the UE procedure
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may be configured accordingly. In wireless systems, one eNB could form multiple
total radiated powers (TRPs) as a group, which is referred to as TRP group (TRPG).
Each TRPG could have TRPG ID. Within TRPG, there is no radio resource control
(RRC) signaling needed for mobility and there is some RRC reconfiguration for inter-
TRPG mobility.

In some embodiments, an OFDM numerology configuration may comprise at least
some of the followings: the subcarrier spacing of OFDM; the length of OFDM symbol
and the length of cyclic prefix (CP); the bandwidth used for initial-access signal
transmission; and the number of OFDM symbols in one subframe, the length of one
subframe.

In some embodiments, the default OFDM numerology is configured for initial-access
signal (IS) transmission. In such embodiments, a UE is configured to detect initial-
access signals using the default OFDM numerology. One example of default nu-
merology is that the subcarrier spacing is 15 kHz (and/or the bandwidth is 1.4 MHz).

In some embodiments, the default OFDM numerology is the smallest subcarrier
spacing (and/or the largest OFDM symbol length) supported by the system on the
particular carrier frequency. In some embodiments, the default OFDM numerology is a
particular numerology which may be commonly applied to UEs accessing all the
carrier frequency bands, which is known to both eNB and UE.

In some embodiments, the default OFDM numerology is determined as a function of
an integer determined by carrier frequency. In such embodiments, the UE utilizes the
carrier frequency(s) to derive the default OFDM numerology as shown in Table 3. The
carrier frequency in Table 3 corresponds to a representative carrier frequency, around
the number shown in the entry. For example, 2GHz in the table entry implies carrier
frequencies around 2GHz, e.g., 2.1GHz, 1.9GHz, etc.
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Table 3

Carner frequency Subcarrier spacing of

the default numerology

Frequency range including 700MHz 15kHz
Frequency range including 2GHz 15kHz
Frequency range including 3.5GHz 15kHz
Frequency range including 6GHz 15kHz
Frequency range including 15GHz 30kHz
_ _ Altl: 60kHz
Frequency range mncluding 30GHz
Alt2: 75kHz
_ . Alt 1: 60kHz
Frequency range including 70GHz
Alt2: 75kHz,
[241] In some embodiments, the subcarrier spacing (and/or bandwidth) is scaled corre-

spondingly according to the typical available bandwidth in the corresponding carrier
frequency. In some embodiments, a UE is configured in the higher layer of the default
numerology.

[242] In some embodiments, the UE is configured in the time-frequency resources (e.g.,
periodically recurring subframes) in which the default OFDM numerology is utilized.
In one example, a UE detects initial-access signals, including synchronization signals
and/or broadcast signals, etc. In this example, the UE can identify the OFDM index
and/or subframe number (or index of time interval X) and timing from some of the
initial-access signals. In another example, a UE can be configured with an alternative
OFDM numerology to use outside the default-numerology time-frequency resources.
In yet another example, a UE performs rate matching for xPDSCH/xPUSCH around
the initial-access signal resources. In yet another example, a UE measures the mea-
surement RS for RRM measurement during initial access procedure. In such em-
bodiments, one or more of the following can be mapped onto the time-frequency
resources in which the default numerology is utilized: initial-access signals; an
xPDSCH conveying a configuration of an alternative OFDM numerology (can be

broadcast signaling or UE-specific signaling); an xPDSCH/xPUSCH; and mea-
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surement RS for RRM measurement.

FIGURE 20 2000 illustrates an example of a default OFDM numerology in a
frequency division multiplexing (FDM) according to embodiments of the present
disclosure. An embodiment of the default OFDM numerology in the FDM shown in
FIGURE 20 2000 is for illustration only. One or more of the components illustrated in
FIGURE 20 2000 can be implemented in specialized circuitry configured to perform
the noted functions or one or more of the components can be implemented by one or
more processors executing instructions to perform the noted functions. Other em-
bodiments are used without departing from the scope of the present disclosure. As
shown in FIGURE 20 2000, the default OFDM numerology in a frequency division
multiplexing (FDM) comprises a alternative OFDM numerologies 2001, a default
OFDM numerology 2002. The default OFDM numerology 2002 comprises an OFDM
symbol length 2021 and a subcarrier spacing 2022. The alternative OFDM numerology
2001 comprises an OFDM symbol length 2011 and a subcarrier spacing 2012.

In some embodiments, an alternative OFDM numerology is signaled on initial-access
signals or other broadcast channels transmitted using a default OFDM numerology. In
example of FDM'ing, a default OFDM numerology and an alternative OFDM nu-
merology in a same time interval is shown in FIGURE 20 2000.

As shown in FIGURE 20 2000, the alternative OFDM numerology 2001 has the
OFDM symbol length 2011 and the subcarrier spacing 2012, and the default OFDM
numerology 2002 has the OFDM symbol length 2021 and the subcarrier spacing 2022.
In FIGURE 20 2000, the subcarrier spacing 2022 of OFDM numerology 2002 is a half
of the subcarrier spacing 2012 of OFDM numerology 2001. And the OFDM symbol
length 2021 of OFDM numerology 2002 is double the OFDM symbol length 2011 of
OFDM numerology 2001.

In some embodiments, the default numerology is used for the initial access signals
transmitted in a subband in a time interval, and the alternative numerology is used for
the other subbands in the same time interval, as illustrated in FIGURE 20 2000. A
guard band can be inserted between the subband of initial-access signals using the
default OFDM numerology and the subband for other signals using other OFDM nu-
merology. The size of guard band could be configured by upper layer through RRC
messages.

The alternative OFDM numerology could be either same to or different from a
default OFDM numerology used for initial-access signal transmission. In some em-
bodiments, a UE is configured to receive signals generated with the default nu-
merology in a subband on which the initial-access signals are mapped. On the other
hand, the UE is further configured to receive signals generated with the alternative nu-

merology outside the subband, when the UE is configured with the alternative nu-
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[248] In some embodiments, a physical cell ID (PCID) or a new ID defined in NR (e.g.,

[249]

[250]

[251]

TRPG ID, hyper-cell ID, or cell ID), which is inferred by the detected synchronization
signals. In the present disclosure, this ID is referred to ID X.

In some embodiments, the alternative OFDM numerology is indicated by an implicit
or an explicit signaling scheme during the initial access procedure. In one example, the
alternative OFDM numerology is implicitly indicated by the value of ID X. For this
purpose, the ID X's are partitioned into a few groups. Each group corresponds to one
alternative OFDM numerology configuration. A UE is configured to first decode the
ID X from the initial-access signals and then derive an alternative OFDM numerology
configuration depending on which group the ID X belongs to. In another example of a
joint encoding with ID X. In such example, both the alternative OFDM numerology in-
formation (which can be few bit information, e.g., 1 or 2 bits) and the ID X are inferred
by the sequence IDs of the initial-access signals. In yet another example of a few bits
on the MIB on xPBCH. In such example, two bits on MIB on xPBCH to indicate the
value of the alternative OFDM numerology configuration. Bit value 00 indicates value
#1 for the alternative OFDM numerology, bit value 01 indicates value #2 for the al-
ternative OFDM numerology configuration, bit value 10 indicates value #3 for the al-
ternative OFDM numerology and bit value 11 indicates value #4 for the alternative
OFDM numerology.

In yet another example of an implicit indication by the time-frequency resource
location of a particular initial-access signal, a UE can detect the particular initial-access
signal to determine an alternative OFDM numerology. In such example, a first syn-
chronization signal is mapped on a first subcarrier index (can be for example, a center
subcarrier of an NR carrier) and a first synchronization signal is used to obtain syn-
chronization around the subcarrier corresponding to the first subcarrier index. A
second synchronization signal is mapped on a second subcarrier index which is an
offset different from the first subcarrier index and the offset value can be chosen from
one of e.g., 4 candidate values. One example is the subcarrier index of the second syn-
chronization signal is given by an equation, e.g., ki = kc + Aki, where i € {0, 1, 2, 3}
corresponds to a specific alternative numerology.

FIGURE 21 2100 illustrates a subcarrier index of the first synchronization signal
according to embodiments of the present disclosure. An embodiment of the subcarrier
index of the first synchronization signal shown in FIGURE 21 2100 is for illustration
only. One or more of the components illustrated in FIGURE 21 2100 can be im-
plemented in specialized circuitry configured to perform the noted functions or one or
more of the components can be implemented by one or more processors executing in-

structions to perform the noted functions. Other embodiments are used without
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departing from the scope of the present disclosure.

As shown in FIGURE 21 2100, the subcarrier index of the first synchronization
signal comprises a plurality of frequency locations (subcarrier locations). The first syn-
chronization signal is mapped on subcarriers corresponding to frequency location
2111. The second synchronization signal has four frequency locations 2121, 2122,
2123, and 2124 corresponding to the four different subcarrier offset values Aki. Each
subcarrier location of 2121, 2122, 2123 and 2124 corresponds to one alternative
OFDM numerology index. The UE is configured to detect the second synchronization
signal and then identify the alternative OFDM numerology according the subcarrier
index of the second synchronization signal.

FIGURE 22 2200 illustrates a subcarrier index of the second synchronization signal
according to embodiments of the present disclosure. An embodiment of the subcarrier
index of the second synchronization signal shown in FIGURE 22 2200 is for il-
lustration only. One or more of the components illustrated in FIGURE 22 2200 can be
implemented in specialized circuitry configured to perform the noted functions or one
or more of the components can be implemented by one or more processors executing
instructions to perform the noted functions. Other embodiments are used without
departing from the scope of the present disclosure.

As shown in FIGURE 22 2200, the subcarrier index of the second synchronization
signal comprises a plurality of time-frequency resource locations 2211, 2221, 2222,
2223, 2224. In one example, a first synchronization signal is mapped on a first time-
frequency resource and is used to obtain synchronization of an NR carrier. A second
synchronization is mapped to a second time-frequency mapping pattern. The pattern
can be chosen from one of e.g., 4 time-frequency patterns and each pattern index cor-
responds to a specific alternative OFDM numerology.

As shown in FIGURE 22 2200, one example is the subcarrier index of the second
synchronization signal on OFDM symbol 1 is given by an equation, e.g., ki(l) =kc +
Aki(l), where 1 € {0, 1, 2, 3} corresponds to a specific alternative numerology. As il-
lustrated in FIGURE 22 2200, a first synchronization signal is mapped on time-
frequency resource 2211. A second synchronization signal has four optional time-
frequency resource locations 2221, 2222, 2223 and 2224. Each time-frequency pattern
of 2221, 2222, 2223, and 2224 corresponds to a specific alternative OFDM nu-
merology. The UE is configured to detect a second synchronization signal and then
identify the alternative OFDM numerology according the time-frequency mapping
pattern of the second synchronization signal.

In some embodiments of a few bits in xSIB, 2 bits in xSIB that is sent on a physical
channel are generated according to a default OFDM numerology. In such em-

bodiments, the value of these 2 bits indicates the alternative OFDM numerology.
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In some embodiments, one bit information is indicated by ID X or a sequence 1D of
an initial-access signal or on xPBCH, on whether an alternative OFDM numerology is
same as the default OFDM numerology or not. If the value of this bit indicates that an
alternative OFDM numerology is different from a default OFDM numerology, the UE
is configured to further decode 2 bits in xPBCH (if the sequence ID is used for the one
bit indication) or in xSIB (if the PBCH carries the one bit information) which is sent
with a default OFDM numerology and these 2 bits indicates the alternative OFDM nu-
merology. In some embodiments, the alternative numerology is UE-specifically
configured via RRC signaling.

FIGURE 23 2300 illustrates an example of a default numerology on subband
according to embodiments of the present disclosure. An embodiment of the default nu-
merology on subband shown in FIGURE 23 2300 is for illustration only. One or more
of the components illustrated in FIGURE 23 2300 can be implemented in specialized
circuitry configured to perform the noted functions or one or more of the components
can be implemented by one or more processors executing instructions to perform the
noted functions. Other embodiments are used without departing from the scope of the
present disclosure.

As shown in FIGURE 23 2300, the default numerology on subband comprises a
frequency resource 2305 for an initial-access signal and a time resource 2310 for the
initial-access signal.

In some embodiments, a UE is configured to use an alternative OFDM numerology
to receive some broadcast and/or multicast transmission, for example xPDCCH and/or
xPDSCH that carries information to be received by a group of UEs including the UE.
The UE can be configured to use the alternative OFDM numerology to transmit uplink
access signal, for example, the xPRACH signals.

In some embodiments, a frame structure is designed for the transmission of initial-
access signals with a default OFDM numerology configuration. A time interval in
which initial-access signals are mapped is called an initial-access time interval (which
can be a unit of time interval X or a subframe). The time frequency resources in which
initial-access signals are mapped utilize a default OFDM numerology configuration
and one UE is configured to use the default OFDM numerology to detect the initial-
access signals. A time interval in which no initial-access signals are mapped is called a
normal time interval. An alternative numerology is utilized in a normal time interval.

Time-frequency resources on which default numerology is utilized can be explicitly
or implicitly configured to a UE. In some embodiments, the default numerology is
utilized in at least those subbands on which the initial-access signals are mapped,
across all the time intervals unless otherwise configured explicitly. As illustrated in
FIGURE 23 2300, the initial-access signals are transmitted with a period P, in
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subframe (time interval) n and n+P in a subband (SB) K. In this case, the UE may
assume that the default numerology is used in the SB K in all the subframes unless
otherwise configured.

FIGURE 24 2400 illustrates an example of a numerology on subband according to
embodiments of the present disclosure. An embodiment of the numerology on subband
shown in FIGURE 24 2400 is for illustration only. One or more of the components il-
lustrated in FIGURE 24 2400 can be implemented in specialized circuitry configured
to perform the noted functions or one or more of the components can be implemented
by one or more processors executing instructions to perform the noted functions. Other
embodiments are used without departing from the scope of the present disclosure.

As shown in FIGURE 24 2400, the numerology on subband comprises a time
interval with initial-access signal 2410 and a time interval without initial-access signal
2420. In some embodiments, the default numerology is utilized in at least these time
intervals (across the system BW of the configured NR carrier) on which the initial-
access signals are mapped as illustrated in FIGURE 24 2400.

In some embodiments, a plurality of time intervals are configured with initial-access
signals and other time intervals are configured without initial-access signals. As il-
lustrated in FIGURE 24 2400, time intervals nl, n2 (=n+P in some embodiments), ...,
(e.g., 2410) are configured with initial-access signals and other time intervals are
configured without initial-access signal 2420. In time intervals with initial-access
signals 2410, a UE is configured to detect initial-access signals with a default nu-
merology. In the time interval without initial-access signals 2420, the UE can be
configured to receive/transmit signals using the alternative numerology.

In some embodiments, in an initial-access time interval, the time frequency resources
in which initial-access signals (including sync signals, xPBCH for MIB, and ePBCH
for SIB, etc.) are generated utilizing a default OFDM numerology configuration and a
UE is configured to use the default OFDM numerology to detect the initial-access
signals. In some embodiments, the initial access signals are mapped across all the
OFDM symbols in the initial-access time interval. In some embodiments, the time
frequency resources in the initial-access time interval, not used by initial-access
signals, can be used to transmit other signals, for example xPDCCH and xPDSCH.

FIGURE 25A 2500A illustrates an example of time frequency resources for initial
access according to embodiments of the present disclosure. An embodiment of the time
frequency resources for initial access shown in FIGURE 25A 2500A is for illustration
only. One or more of the components illustrated in FIGURE 25A 2500A can be im-
plemented in specialized circuitry configured to perform the noted functions or one or
more of the components can be implemented by one or more processors executing in-

structions to perform the noted functions. Other embodiments are used without
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departing from the scope of the present disclosure.

As shown in FIGURE 25A 2500A, the time frequency resources for initial access
2500A comprises a non-initial-access resources/signals 2510 and an initial-access
resources/signals 2520. In some embodiments, all the time frequency resources in the
initial-access time interval (subframe) are constructed with the default OFDM nu-
merology (say OFDM numerology A) as illustrated in FIGURE 25A 2500A. In
FIGURE 25A 2500A, all the time frequency resources and signals, (non-initial-access
resources/signals 2510 and initial-access resources/signals 2520) in the initial access
subframe are constructed with OFDM numerology A. In this case, a UE is configured
to detect the initial-access signals according to the default OFDM numerology. The
time frequency resources 2510 in which initial-access signals are not mapped can be
used for transmission of other signals, e.g., xPDCCH and xPDSCH.

FIGURE 25B 2500B illustrates another example of time frequency resources for
initial access according to embodiments of the present disclosure. An embodiment of
the time frequency resources for initial access shown in FIGURE 25B 25008 is for il-
lustration only. One or more of the components illustrated in FIGURE 25B 2500B can
be implemented in specialized circuitry configured to perform the noted functions or
one or more of the components can be implemented by one or more processors
executing instructions to perform the noted functions. Other embodiments are used
without departing from the scope of the present disclosure.

As shown in FIGURE 25B 2500B, the time frequency resources for initial access
comprises a resource element constructed with OFDM numerology B 2540 and a guard
band 2530. In some embodiments, the subband signals used for generating the initial-
access signals in an initial-access time interval (subframe) are constructed using the
default OFDM numerology and the signals mapped outside the subband can be con-
structed using the alternative OFDM numerology (say OFDM numerology B) as il-
lustrated in FIGURE 25B 2500B.

If the system bandwidth is larger than the subband size for initial-access signals, the
other subbands could be used for transmission of other signals, for example xPDCCH
and xPDSCH, and utilizes the alternative OFDM numerology. The guard band 2530
can be inserted between the subband of initial-access signals using the default OFDM
numerology and the subband for other signals using other OFDM numerology. The
size of guard band could be configured by upper layer through RRC messages.

FIGURE 25C 2500C illustrates an example time frequency resources for a physical
downlink channel and a synchronization signal for initial access according to em-
bodiments of the present disclosure. An embodiment of the time frequency resources
for a physical downlink channel shown in FIGURE 25C 2500C is for illustration only.
One or more of the components illustrated in FIGURE 25C 2500C can be implemented
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in specialized circuitry configured to perform the noted functions or one or more of the
components can be implemented by one or more processors executing instructions to
perform the noted functions. Other embodiments are used without departing from the
scope of the present disclosure.

In some embodiments, to enable simultaneous reception of initial-access signals
using a default OFDM numerology and other signals using another OFDM nu-
merology in an initial-access subframe, a UE is configured to be capable of simul-
taneously processing two different OFDM numerologies.

In some embodiments, the time interval to transmit the initial-access signals is
shorter than the whole duration of the initial-access time interval as shown in FIGURE
25C 2500C. The initial-access signals are transmitted in a subband in a few con-
secutive OFDM symbols (in terms of the default OFDM numerology) of the initial-
access time interval (subframe). All the other time-frequency resources can be used for
transmission of other signals, for example, xPDCCH and xPDSCH utilizing another
OFDM numerology, for example, an alternative OFDM numerology. The guard band
2530 is inserted only on the OFDM symbols where initial-access signals are
transmitted.

A signaling can be introduced so that a UE can identify the set and/or the number of
time frequency resources that are available for data and control information reception /
transmission and the OFDM numerology used, in an initial-access time interval
(subframe); then the UE is configured to do a rate matching for the data/control signal
transmission accordingly in access time interval (subframe). In some embodiments, the
signaling to facilitate one UE's reception/transmission (or let one UE know the region
of initial-access signal and OFDM numerology used for time frequency resources
available) can be conveyed according to the following example schemes: on a system
information block (SIB); on the master information block (MIB) on the xPBCH; the
information is jointly encoded with other information, for example, physical cell 1D,
OFDM symbol number, initial-access signal sequence; via RRC messages; and via a
dynamic downlink control information (DCI) signaling on xPDCH. In one example of
the dynamic DCI signaling, the DCI that is sent with an alternative OFDM numerology
indicates the OFDM numerology used for the xPDSCH being scheduled by one DCI.

In some embodiments, a UE could be configured with one or more alternative
OFDM numerology configurations. The configuration could be signaled by the upper
layer, for example, through RRC message. The configuration can be UE specific. The
configuration can be dependent on UE capability or UE category and type. One
example is one UE is configured with different numerologies for PCell and SCell in
the case of carrier aggregation. In some embodiments, one numerology is configured

for delay-tolerant service while another numerology is configured for delay-sensitive



52

WO 2017/123045 PCT/KR2017/000468
service.
[277] In some embodiments, a few bits in RRC message to explicitly indicate the value of a
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secondary OFDM numerology configuration to one UE. A secondary OFDM nu-
merology configuration could be configured for one category of service and/or for one
component carrier. In some embodiments, a few bits in dynamic DCI signaling on
xPDCCH that is sent by an alternative OFDM numerology to indicate a secondary
OFDM numerology used for one data transmission scheduled by the xPDCCH. In
some embodiments, a few bits in dynamic DCI signaling on xXPDCCH to indicate a
secondary OFDM numerology that should be used within a particular period. In some
embodiments, the alternative numerology and secondary numerology configuration are
used for the transmission of signals other than initial-access signals, for example being
used for the transmission of xPDCCH, xPDSCH and x physical uplink shared channel
(xPUSCH).

In some embodiments, each element in the resource grid for antenna port p is called a
resource element and is uniquely identified by the index pair (k,1) in a slot (time

DL are the indices in the

interval) where )

| and

k=0,  NpsNEB 1=0,..,N,

symb
frequency and time domains, respectively. Resource element (k,l) on antenna port p

corresponds to the complex value NP
9]

In some embodiments, a resource grid is defined for each configured OFDM nu-
merology. In one example, resource elements (k,l) on antenna port p and a corre-
sponding resource grid are defined for the default numerology. In another example,
resource elements (k',1') on antenna port p' and a corresponding resource grid are
defined for the alternatively numerology.

When the subcarrier spacing of the alternative numerology is a multiple of the

subcarrier spacing of the default numerology (a=1,2, 4,8, ..., %, %, 1/8, ...), the range

of the indices (k,l) and (k',1') are determined according to the default numerology,

, and . In one example, the alternative numerology is
k=0, NDENEB g 1=0... NP ~1 ple, gy

determined by ' <o, . NDINEB/o -1 and p_g  oamr _p Inanother example,

s M Y aymb

the alternative numerology is determined by 4 _¢ N | and

=¥ gymb

=0, NP Ja—1

In such example, the indices from the two resource grids identify k, k+1,....k+a-1 on

the resource grid with default numerology corresponds to ;- _ i/ ] in the resource

grid with alternative numerology. In such example, I in the resource grid with default

numerology corresponds to I'=al,al+1,...,al+a-1 in the resource grid with alternative
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[282] In some embodiments, the indices from the two resource grids identify k in the
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resource grid with default numerology corresponds to k'=ak,ak+1,...,ak+a-1 in the
resource grid with alternative numerology. In such embodiments, 1 in the resource grid

with default numerology corresponds to —|;/,| in the resource grid with alternative

numerology.

FIGURE 26A 2600A illustrates an example of a resource indexing according to em-
bodiments of the present disclosure. An embodiment of the resource indexing shown in
FIGURE 26A 2600A is for illustration only. One or more of the components illustrated
in FIGURE 26A 2600A can be implemented in specialized circuitry configured to
perform the noted functions or one or more of the components can be implemented by
one or more processors executing instructions to perform the noted functions. Other
embodiments are used without departing from the scope of the present disclosure. As
shown in FIGURE 26A 2600A, the resource indexing comprises a frequency (e.g.,
subcarrier) 2605A and a time (e.g., OFDM symbols) 2610A.

FIGURE 26B 2600B illustrates another example of a resource indexing according to
embodiments of the present disclosure. An embodiment of the resource indexing
shown in FIGURE 26B 2600B is for illustration only. One or more of the components
illustrated in FIGURE 26B 2600B can be implemented in specialized circuitry
configured to perform the noted functions or one or more of the components can be
implemented by one or more processors executing instructions to perform the noted
functions. Other embodiments are used without departing from the scope of the present
disclosure. As shown in FIGURE 26B 2600B, the resource indexing comprises a
frequency (e.g., subcarrier) 2605B and a time (e.g., OFDM symbols) 2610B.

FIGURE 26A 2600A and 26B 2600B illustrate the resource indexing of the two
resource grids corresponding to the default and the alternative numerologies according
to these embodiments. In FIGURE 26A 2600A and 26B 2600B, it is assumed that o =
1,2,4,8,..(G4.e., a>1). Specifically, FIGURE 26A 2600A illustrates a case where the
default numerology has a narrower subcarrier spacing than the alternative numerology.
Similarly, FIGURE 26B 2600B illustrates a case where the default numerology has
wider subcarrier spacing than the alternative numerology. In these FIGURE 26A
2600A and 26B 2600B, the shaded boxes correspond to the resource elements in the
resource grid for the default numerology and white boxes correspond to the resource
elements in the resource grid for the alternative numerology.

A UE acquires the resource element indexing (k, 1) from the initial access signals
(e.g., synchronization channels) on the resource grid with the default numerology.

When the UE is also configured with the alternative numerology, the UE acquires the
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time-frequency resource indexing (k', I').

In some embodiment, in the case of subframe/slot aggregation (i.e., a TTI spans more
than one time interval X), the DMRS is mapped on a subset of the subframes/slots (or
time intervals) in a PDSCH subframe/slot aggregation comprising a number of
subframes/slots (an aggregation of multiple time interval X). For example, DMRS is
mapped only in the first subframe/slot (time interval X) of the aggregation.

FIGURE 27 2700 illustrates a reference signal (RS) mapping in subframe/slot ag-
gregation according to embodiments of the present disclosure. An embodiment of the
RS mapping in subframe shown in FIGURE 27 2700 is for illustration only. One or
more of the components illustrated in FIGURE 27 2700 can be implemented in spe-
cialized circuitry configured to perform the noted functions or one or more of the
components can be implemented by one or more processors executing instructions to
perform the noted functions. Other embodiments are used without departing from the
scope of the present disclosure. As shown in FIGURE 27 2700, the RS mapping in
subframe aggregation comprises a DL control 2701, a plurality of DL eMBB data
2710, a gap 1 2720, a UL control 2730, and a DMRS 2740.

As shown in FIGURE 27 2700, a frame structure that maps DMRS only in one
subframe/slot (time interval X) in an aggregation is illustrated. A UE is configured
with an aggregation comprising N consecutive SFs/slots. The value of N is >= 1. One
example is that, for an eMBB service, a frame structure comprising multiple
subframes/slots increases the transmission efficiency through less overhead.

As shown in FIGURE 27 2700, an SF/slot n contains DL Ctrl 2701 and DL data
2710. The SF/slot n+N-1 contains DL data 2710, the Gap for DL and UL transmission
GAP1 2720, and UL Ctrl 2730. The SF/slot n+1 ~n+N-2 contains the DL data 2710. In
some embodiment, the DMRS 2740 for DL data transmission is only mapped in the SF
n. The transmission of DMRS 2740 can be configured by the DL Ctrl 2701. The
transmission of DMRS 2740 can be configured by upper layer through some RRC
messages. Mapping the DMRS in the SF/slot n in subframe/slot aggregation enables to
start the decoding of DL data 2710 as soon as possible. In some embodiment, the
DMRS 2740 is mapped in any one or any some of SF n~ n+N-1.

A signaling can be devised so that a UE can identify the mapping of DMRS 2740 in
the case of subframe/slot (time interval) aggregation. 1-bit signaling for configuration

of DMRS mapping is given in Table 4.
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[292] Table 4

DMRS mapping configurations DMRS mapping methods
State O DMRS 1s mapped in all the time intervals (slots)
State 1 DMRS 1s mapped in the first time interval (slot) only

[293] An example of 2-bit signaling for configuration of DMRS mapping is given in Table
5.

[294]

Table 5
DMRS mapping .
. . DMRS mapping methods
configurations
State 00 DMRS 1s mapped 1n all time intervals (slots)
State 01 DMRS is mapped in the first time mterval (slot) only.
DMRS 1s mapped 1n odd numbered time intervals
State 10 _ o
(slots), 1.¢., time interval {1, 3, 5,... }

DMRS 1s mapped 1n the first time interval (slot) and

State 11 other time intervals (slots) defined by bitmap
B={bnbn+l e bn+N—l }

[295] In some embodiments, bn 1 indicates that DMRS is mapped in time interval n while
bn = 0 indicates the DMRS is not mapped in time interval n. In some embodiments, the
bitmap is separately signaled in the higher-layer. In some embodiments, when the
DMRS is not mapped in time interval x, the corresponding DMRS REs are used for
xPDSCH mapping.

[296] In some embodiments, the DMRS mapping information can be conveyed. In one

example the DMRS mapping information can be conveyed via RRC signaling to notify
the method of mapping DMRS in case of subframe/slot aggregation to the UE. In one
example the DMRS mapping information can be conveyed on system information
(SIB). In yet another example the DMRS mapping information can be conveyed via a
dynamic DCI signaling in DL Ctrl. In such example, the information could include
which subframe/slot(s) the DMRS is mapped into. In yet another example, the con-
figuration of DMRS mapping is UE specific. The UE may derive the DMRS mapping
based on some information of UE, for example, UE id. In yet another example, the

configuration of DMRS mapping is service-specific. The UE may derive the DMRS
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[297]

[298]

[299]

[300]

[301]

[302]

mapping based on the type of scheduled service. In yet another example, the con-
figuration of DMRS mapping is allocation-specific. The UE may derive the DMRS
mapping based on the information of scheduled allocation, for example, the number of
OFDM symbols of one allocation.

Although the present disclosure has been described with an exemplary embodiment,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall
within the scope of the appended claims.

Methods stated in claims and/or specifications according to various embodiments
may be implemented by hardware, software, or a combination of hardware and
software.

In the implementation of software, a computer-readable storage medium for storing
one or more programs (software modules) may be provided. The one or more programs
stored in the computer-readable storage medium may be configured for execution by
one or more processors within the electronic device. The at least one program may
include instructions that cause the electronic device to perform the methods according
to various embodiments of the present disclosure as defined by the appended claims
and/or disclosed herein.

The programs (software modules or software) may be stored in non-volatile
memories including a random access memory and a flash memory, a Read Only
Memory (ROM), an Electrically Erasable Programmable Read Only Memory
(EEPROM), a magnetic disc storage device, a Compact Disc-ROM (CD-ROM),
Digital Versatile Discs (DVDs), or other types of optical storage devices, or a magnetic
cassette. Alternatively, any combination of some or all of the above may form a
memory in which the program is stored. Further, a plurality of such memories may be
included in the electronic device.

In addition, the programs may be stored in an attachable storage device which may
access the electronic device through communication networks such as the Internet,
Intranet, Local Area Network (LAN), Wide LAN (WLAN), and Storage Area Network
(SAN) or a combination thereof. Such a storage device may access the electronic
device which performs an embodiment of the present disclosure, via an external port.
Further, a separate storage device on the communication network may access a device
which performs an embodiment of the present disclosure.

In the above-described detailed embodiments of the present disclosure, a component
included in the present disclosure is expressed in the singular or the plural according to
a presented detailed embodiment. However, the singular form or plural form is selected
for convenience of description suitable for the presented situation, and various em-

bodiments of the present disclosure are not limited to a single element or multiple
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[303]

elements thereof. Further, either multiple elements expressed in the description may be
configured into a single element or a single element in the description may be
configured into multiple elements.

Although the embodiment has been described in the detailed description of the
present disclosure, the present disclosure may be modified in various forms without
departing from the scope of the present disclosure. Therefore, the scope of the present
disclosure should not be defined as being limited to the embodiments, but should be

defined by the appended claims and equivalents thereof.
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Claims

An apparatus of a terminal in a wireless communication system, the
apparatus comprising:

at least one transceiver configured to:

transmit, to a base station (BS), random access signals generated with
the first subcarrier spacing; and

receive a control signaling providing a resource configuration that
includes a second subcarrier spacing, and

at least one processor configured to perform a communication by using
the resource configuration.

The apparatus of claim 1, wherein the at least one transceiver is
configured to:

receive information for the resource configuration via a subband that
includes downlink synchronization signals within a system bandwidth.
The apparatus of claim 1, wherein the resource configuration comprises
a plurality of candidate configurations, each of the plurality of
candidate configurations including a subcarrier spacing value and in-
formation for a subband, the subcarrier spacing value to be used for the
subband for the communication.

The apparatus of claim 3, wherein the each of the plurality of candidate
configurations further includes at least one of a cyclic prefix (CP), a
number of an orthogonal frequency division multiplexing (OFDM)
symbols in a subframe, or a duration of a subframe.

The apparatus of claim 1, wherein the resource configuration, as a
resource configuration in a physical layer, further comprises in-
formation for a blank interval on boundaries of consecutive slots on
which the terminal is scheduled to receive a number of transport
blocks.

The apparatus of claim 1, wherein the resource configuration further
comprises information to generate a scrambling sequence for a
reference signal (RS).

The apparatus of claim 1, wherein the resource configuration comprises
a resource configuration corresponding to at least one of first con-
figuration information associated with ultra reliable and low latency
(URLL), second configuration information associated with enhanced
mobile broadband (eMBB) configuration information, or third con-

figuration information associated with massive machine type commu-
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[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]
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nication (mMTC).

An apparatus of a base station (BS) in a wireless communication
system, the BS comprising:

at least one processor configured to set a resource configuration to
perform a communication, and

at least one transceiver configured to:

receive, from a terminal, random access signals generated with a first
subcarrier spacing; and

transmit a control signaling providing the resource configuration that
includes a second subcarrier spacing.

The apparatus of claim 8, wherein the transceiver is further configured
to:

transmit information for the resource configuration via a subband that
includes downlink synchronization signals within a system bandwidth;
and

communicate with the terminal according to the resource configuration.
The apparatus of claim 8, wherein the resource configuration comprises
a plurality of candidate configurations, each of the plurality of
candidate configurations including a subcarrier spacing value and in-
formation for a subband, the subcarrier spacing value to be used for the
subband for the communication.

The apparatus of claim 10, wherein the each of the plurality of
candidate configurations further includes at least one of a cyclic prefix
(CP), a number of an orthogonal frequency division multiplexing
(OFDM) symbols in a subframe, or a duration of a subframe.

The apparatus of claim 8, wherein the resource configuration, as a
resource configuration in a physical layer, further comprises in-
formation for a blank interval on a boundaries of consecutive slots on
which the terminal is scheduled to receive a number of transport
blocks.

The apparatus of claim 12, wherein the resource configuration further
comprises information to generate a scrambling sequence for a
reference signal (RS).

The apparatus of claim 8, wherein the resource configuration comprises
a resource configuration corresponding to at least one of first con-
figuration information associated with ultra reliable and low latency
(URLL), second configuration information associated with enhanced

mobile broadband (eMBB), or third configuration information as-



60
WO 2017/123045 PCT/KR2017/000468

sociated with massive machine type communication (mMTC).
[Claim 15] A method for operating an apparatus configured to implement one of

claims 1 to 14.
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