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(57) ABSTRACT

A method and apparatus for configuring a data subband in a
wireless communication system is provided. A user equip-
ment (UE) receives an indication of a data subband from a
network, configures at least one data subband according to
the indication, and performs communication with the net-
work via the at least one data subband. One data subband
consists of contiguous or non-contiguous physical resource
blocks (PRBs).
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METHOD AND APPARATUS FOR
CONFIGURING SUBBAND AGGREGATION
IN NR CARRIER IN WIRELESS
COMMUNICATION SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to wireless commu-
nications, and more particularly, to a method and apparatus
for configuring subband aggregation in a new radio access
technology (NR) carrier in a wireless communication sys-
tem.

BACKGROUND ART

[0002] 3rd generation partnership project (3GPP) long-
term evolution (LTE) is a technology for enabling high-
speed packet communications. Many schemes have been
proposed for the LTE objective including those that aim to
reduce user and provider costs, improve service quality, and
expand and improve coverage and system capacity. The
3GPP LTE requires reduced cost per bit, increased service
availability, flexible use of a frequency band, a simple
structure, an open interface, and adequate power consump-
tion of a terminal as an upper-level requirement.

[0003] As more and more communication devices require
more communication capacity, there is a need for improved
mobile broadband communication over existing radio access
technology. Also, massive machine type communications
(MTC), which provides various services by connecting
many devices and objects, is one of the major issues to be
considered in the next generation communication. In addi-
tion, communication system design considering reliability/
latency sensitive service/UE is being discussed. The intro-
duction of next generation radio access technology
considering enhanced mobile broadband communication
(eMBB), massive MTC (mMTC), ultra-reliable and low
latency communication (URLLC) is discussed. This new
technology may be called new radio access technology (new
RAT or NR) for convenience.

[0004] In NR, analog beamforming may be introduced. In
case of millimeter wave (mmW), the wavelength is short-
ened so that a plurality of antennas can be installed in the
same area. For example, in the 30 GHz band, a total of 100
antenna elements can be installed in a 2-dimension array of
0.5 lambda (wavelength) intervals on a panel of 5 by 5 cm
with a wavelength of 1 cm. Therefore, in mmW, multiple
antenna elements can be used to increase the beamforming
gain to increase the coverage or increase the throughput.
[0005] In this case, if a transceiver unit (TXRU) is pro-
vided so that transmission power and phase can be adjusted
for each antenna element, independent beamforming is
possible for each frequency resource. However, installing a
TXRU on all 100 antenna elements has a problem in terms
of cost effectiveness. Therefore, a method of mapping a
plurality of antenna elements to one TXRU and adjusting the
direction of a beam using an analog phase shifter is consid-
ered. This analog beamforming method has a disadvantage
that it cannot perform frequency selective beaming because
it can make only one beam direction in all bands.

[0006] A hybrid beamforming with B TXRUs, which is an
intermediate form of digital beamforming and analog beam-
forming, and fewer than Q antenna elements, can be con-
sidered. In this case, although there is a difference depending
on the connection method of the B TXRU and Q antenna
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elements, the direction of the beam that can be simultane-
ously transmitted is limited to B or less.

[0007] For operating NR efficiently, various schemes have
been discussed.

DISCLOSURE OF INVENTION

Technical Problem

[0008] The present invention provides a method and appa-
ratus for configuring subband aggregation in a new radio
access technology (NR) carrier in a wireless communication
system. The present invention proposes handling wideband
carrier where different user equipments (UEs) may support
different UE system bandwidth and also the configured
bandwidth is changed for UE power saving and efficient
resource management.

Solution to Problem

[0009] In an aspect, a method for configuring a data
subband by a user equipment (UE) in a wireless communi-
cation system is provided. The method includes receiving an
indication of a data subband from a network, configuring at
least one data subband according to the indication, and
performing communication with the network via the at least
one data subband. One data subband consists of contiguous
or non-contiguous physical resource blocks (PRBs).
[0010] In another aspect, a user equipment (UE) in a
wireless communication system is provided. The UE
includes a memory, a transceiver, and a processor, operably
coupled to the memory and the transceiver, that controls the
transceiver to receive an indication of a data subband from
a network, configures at least one data subband according to
the indication, and controls the transceiver to perform com-
munication with the network via the at least one data
subband. One data subband consists of contiguous or non-
contiguous physical resource blocks (PRBs).

Advantageous Effects of Invention

[0011] Efficient communication between UE and network
and resource management can be enabled by using subbands
in a NR carrier.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 shows a 3GPP LTE system.

[0013] FIG. 2 shows structure of a radio frame of 3GPP
LTE.

[0014] FIG. 3 shows a resource grid for one downlink slot.
[0015] FIG. 4 shows an example of subframe type for NR.
[0016] FIG. 5 shows an example of different system

bandwidth between network and UE in a NR carrier.
[0017] FIG. 6 shows an example of carrier bonding.
[0018] FIG. 7 shows an example of RB indexing accord-
ing to an embodiment of the present invention.

[0019] FIG. 8 shows an example of configuration of
different search space per UE according to an embodiment
of the present invention.

[0020] FIG. 9 shows an example of handling anchor
subband and other subband for UE-specific bandwidth sepa-
rately according to an embodiment of the present invention.
[0021] FIG. 10 shows examples of different UE-specific
bandwidth options according to an embodiment of the
present invention.
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[0022] FIG. 11 shows an example of UE-specific sup-
ported bandwidth according to an embodiment of the present
invention.

[0023] FIG. 12 shows an example of individual RB index-
ing according to an embodiment of the present invention.
[0024] FIG. 13 shows examples of dynamic bandwidth
adaptation via data subband aggregation according to an
embodiment of the present invention.

[0025] FIG. 14 shows examples of bandwidth adaptation
via data subband aggregation with multiple RF according to
an embodiment of the present invention.

[0026] FIG. 15 shows an example of resource allocation in
a nested manner according to an embodiment of the present
invention.

[0027] FIG. 16 shows an example of different handling
options for wideband spectrum with narrowband UE RFs
according to an embodiment of the present invention.
[0028] FIG. 17 shows an example of interference in case
of small bandwidth transmission.

[0029] FIG. 18 shows an example of interference in case
of multiple RFs.

[0030] FIG. 19 shows an example of overlaid structure
according to an embodiment of the present invention.
[0031] FIG. 20 shows an example of option 1 for RRM
handling in wideband according to an embodiment of the
present invention.

[0032] FIG. 21 shows an example of option 2 for RRM
handling in wideband according to an embodiment of the
present invention.

[0033] FIG. 22 shows an example of option 3 for RRM
handling in wideband according to an embodiment of the
present invention.

[0034] FIG. 23 shows an example of different RRM band-
width options according to an embodiment of the present
invention.

[0035] FIG. 24 shows a method for configuring a data
subband by a UE according to an embodiment of the present
invention.

[0036] FIG. 25 shows a wireless communication system to
implement an embodiment of the present invention.

MODE FOR THE INVENTION

[0037] FIG. 1 shows a 3GPP LTE system. The 3rd gen-
eration partnership project (3GPP) long-term evolution
(LTE) system 10 includes at least one eNodeB (eNB) 11.
Respective eNBs 11 provide a communication service to
particular geographical areas 15a, 156, and 15¢ (which are
generally called cells). Each cell may be divided into a
plurality of areas (which are called sectors). A user equip-
ment (UE) 12 may be fixed or mobile and may be referred
to by other names such as mobile station (MS), mobile
terminal (MT), user terminal (UT), subscriber station (SS),
wireless device, personal digital assistant (PDA), wireless
modem, handheld device. The eNB 11 generally refers to a
fixed station that communicates with the UE 12 and may be
called by other names such as base station (BS), base
transceiver system (BTS), access point (AP), etc.

[0038] In general, a UE belongs to one cell, and the cell to
which a UE belongs is called a serving cell. An eNB
providing a communication service to the serving cell is
called a serving eNB. The wireless communication system is
a cellular system, so a different cell adjacent to the serving
cell exists. The different cell adjacent to the serving cell is
called a neighbor cell. An eNB providing a communication
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service to the neighbor cell is called a neighbor eNB. The
serving cell and the neighbor cell are relatively determined
based on a UE.

[0039] This technique can be used for DL or UL. In
general, DL refers to communication from the eNB 11 to the
UE 12, and UL refers to communication from the UE 12 to
the eNB 11. In DL, a transmitter may be part of the eNB 11
and a receiver may be part of the UE 12. In UL, a transmitter
may be part of the UE 12 and a receiver may be part of the
eNB 11.

[0040] The wireless communication system may be any
one of a multiple-input multiple-output (MIMO) system, a
multiple-input single-output (MISO) system, a single-input
single-output (SISO) system, and a single-input multiple-
output (SIMO) system. The MIMO system uses a plurality
of transmission antennas and a plurality of reception anten-
nas. The MISO system uses a plurality of transmission
antennas and a single reception antenna. The SISO system
uses a single transmission antenna and a single reception
antenna. The SIMO system uses a single transmission
antenna and a plurality of reception antennas. Hereinafter, a
transmission antenna refers to a physical or logical antenna
used for transmitting a signal or a stream, and a reception
antenna refers to a physical or logical antenna used for
receiving a signal or a stream.

[0041] FIG. 2 shows structure of a radio frame of 3GPP
LTE. Referring to FIG. 2, a radio frame includes 10 sub-
frames. A subframe includes two slots in time domain. A
time for transmitting one transport block by higher layer to
physical layer (generally over one subframe) is defined as a
transmission time interval (TTI). For example, one subframe
may have a length of 1 ms, and one slot may have a length
of 0.5 ms. One slot includes a plurality of orthogonal
frequency division multiplexing (OFDM) symbols in time
domain. Since the 3GPP LTE uses the OFDMA in the DL,
the OFDM symbol is for representing one symbol period.
The OFDM symbols may be called by other names depend-
ing on a multiple-access scheme. For example, when SC-
FDMA is in use as a UL multi-access scheme, the OFDM
symbols may be called SC-FDMA symbols. A resource
block (RB) is a resource allocation unit, and includes a
plurality of contiguous subcarriers in one slot. The structure
of the radio frame is shown for exemplary purposes only.
Thus, the number of subframes included in the radio frame
or the number of slots included in the subframe or the
number of OFDM symbols included in the slot may be
modified in various manners.

[0042] The wireless communication system may be
divided into a frequency division duplex (FDD) scheme and
a time division duplex (TDD) scheme. According to the
FDD scheme, UL transmission and DL transmission are
made at different frequency bands. According to the TDD
scheme, UL transmission and DL transmission are made
during different periods of time at the same frequency band.
A channel response of the TDD scheme is substantially
reciprocal. This means that a DL channel response and a UL
channel response are almost the same in a given frequency
band. Thus, the TDD-based wireless communication system
is advantageous in that the DL channel response can be
obtained from the UL channel response. In the TDD scheme,
the entire frequency band is time-divided for UL and DL
transmissions, so a DL transmission by the eNB and a UL
transmission by the UE cannot be simultaneously per-
formed. In a TDD system in which a UL transmission and
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a DL transmission are discriminated in units of subframes,
the UL transmission and the DL transmission are performed
in different subframes. In a TDD system, to allow fast
switching between DL and UL, UL and DL transmission
may be performed within a same subframe/slot in time
division multiplexing (TDM)/frequency division multiplex-
ing (FDM) manner.

[0043] FIG. 3 shows a resource grid for one downlink slot.
Referring to FIG. 3, a DL slot includes a plurality of OFDM
symbols in time domain. It is described herein that one DL
slot includes 7 OFDM symbols, and one RB includes 12
subcarriers in frequency domain as an example. However,
the present invention is not limited thereto. Each element on
the resource grid is referred to as a resource element (RE).
One RB includes 12x7 or 12x14 resource elements. The
number N,,; of RBs included in the DL slot depends ona DL
transmit bandwidth. The structure of a UL slot may be same
as that of the DL slot. The number of OFDM symbols and
the number of subcarriers may vary depending on the length
of a CP, frequency spacing, etc. For example, in case of a
normal cyclic prefix (CP), the number of OFDM symbols is
7 or 14, and in case of an extended CP, the number of OFDM
symbols is 6 or 12. One of 128, 256, 512, 1024, 1536, 2048,
4096 and 8192 may be selectively used as the number of
subcarriers in one OFDM symbol.

[0044] 5th generation mobile networks or Sth generation
wireless systems, abbreviated 5G, are the proposed next
telecommunications standards beyond the current 4G LTE/
international mobile telecommunications (IMT)-dvanced
standards. 5G includes both new radio access technology
(new RAT or NR) and LTE evolution. Hereinafter, among
5G, NR will be focused. 5G planning aims at higher capacity
than current 4G LTE, allowing a higher density of mobile
broadband users, and supporting device-to-device, ultra-
reliable, and massive machine communications. 5G research
and development also aims at lower latency than 4G equip-
ment and lower battery consumption, for better implemen-
tation of the Internet of things.

[0045] NR may use the OFDM transmission scheme or a
similar transmission scheme. NR may follow the existing
LTE/LTE-A numerology, or may follow the different numer-
ology from the existing LTE/LTE-A numerology. NR may
have a larger system bandwidth (e.g. 100 MHz). Or, one cell
may support multiple numerologies in NR. That is, UEs
operating in different numerologies may coexist within one
cell in NR.

[0046] It is expected that different frame structure may be
necessary for NR. Particularly, different frame structure in
which UL and DL may be present in every subframe or may
change very frequently in the same carrier may be necessary
for NR. Different application may require different mini-
mum size of DL or UL portions to support different latency
and coverage requirements. For example, massive machine-
type communication (mMTC) for high coverage case may
require relatively long DL and UL portion so that one
transmission can be successfully transmitted. Furthermore,
due to different requirement on synchronization and tracking
accuracy requirements, different subcarrier spacing and/or
different CP length may be considered. In this sense, it is
necessary to consider mechanisms to allow different frame
structures coexisting in the same carrier and be operated by
the same cell/eNB.

[0047] InNR, utilizing a subframe in which downlink and
uplink are contained may be considered. This scheme may
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be applied for paired spectrum and unpaired spectrum. The
paired spectrum means that one carrier consists of two
carriers. For example, in the paired spectrum, the one carrier
may include a DL carrier and an UL carrier, which are paired
with each other. In the paired spectrum, communication,
such as DL, UL, device-to-device communication, and/or
relay communication, may be performed by utilizing the
paired spectrum. The unpaired spectrum means that that one
carrier consists of only one carrier, like the current 4G LTE.
In the unpaired spectrum, communication, such as DL, UL,
device-to-device communication, and/or relay communica-
tion, may be performed in the unpaired spectrum.

[0048] Further, in NR, the following subframe types may
be considered to support the paired spectrum and the
unpaired spectrum mentioned above.

[0049] (1) Subframes including DL control and DL data
[0050] (2) Subframes including DL control, DL data, and
UL control

[0051] (3) Subframes including DL control and UL data
[0052] (4) Subframes including DL control, UL data, and
UL control

[0053] (5) Subframes including access signals or random

access signals or other purposes.

[0054] (6) Subframes including both DL/UL and all UL
signals.
[0055] However, the subframe types listed above are only

exemplary, and other subframe types may also be consid-
ered.

[0056] FIG. 4 shows an example of subframe type for NR.
The subframe shown in FIG. 4 may be used in TDD system
of NR, in order to minimize latency of data transmission.
Referring to FIG. 4, the subframe contains 14 symbols in
one TTI, like the current subframe. However, the subframe
includes DL control channel in the first symbol, and UL
control channel in the last symbol. A region for DL control
channel indicates a transmission area of a physical downlink
control channel (PDCCH) for Downlink control information
(DCI) transmission, and a region for UL control channel
indicates a transmission area of a physical uplink control
channel (PUCCH) for uplink control information (UCI)
transmission. Here, the control information transmitted by
the eNB to the UE through the DCI may include information
on the cell configuration that the UE should know, DL
specific information such as DL scheduling, and UL specific
information such as UL grant. Also, the control information
transmitted by the UE to the eNB through the UCI may
include a hybrid automatic repeat request (HARQ) acknowl-
edgement/non-acknowledgement (ACK/NACK) report for
the DL data, a channel state information (CSI) report on the
DL channel status, and a scheduling request (SR). The
remaining symbols may be used for DL data transmission
(e.g. physical downlink shared channel (PDCCH)) or for UL
data transmission (e.g. physical uplink shared channel
(PUCCH)).

[0057] According to this subframe structure, DL transmis-
sion and UL transmission may sequentially proceed in one
subframe. Accordingly, DL data may be transmitted in the
subframe, and UL acknowledgement/non-acknowledgement
(ACK/NACK) may also be received in the subframe. In this
manner, the subframe shown in FIG. 4 may be referred to as
self-contained subframe. As a result, it may take less time to
retransmit data when a data transmission error occurs,
thereby minimizing the latency of final data transmission. In
the self-contained subframe structure, a time gap may be
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required for the transition process from the transmission
mode to the reception mode or from the reception mode to
the transmission mode. For this purpose, some OFDM
symbols at the time of switching from DL to UL in the
subframe structure may be set to the guard period (GP).
[0058] In NR, wideband may be used if the network
supports. Further in NR, both network and UE may have
different bandwidths to be supported. In this case, it may
need to be clarified how the network and UE operate
transmission and reception.

[0059] FIG. 5 shows an example of different system
bandwidth between network and UE in a NR carrier. The
carrier bandwidth that the network supports may be a system
bandwidth. The UE supported bandwidth may be equal to
the system bandwidth or different from the system band-
width (may be narrower or wider than the system band-
width). FIG. 5-(a) shows a case that the system bandwidth
is same as the UE supported bandwidth. FIG. 5-(4) shows a
case that the system bandwidth is different from the UE
supported bandwidth, i.e. the system bandwidth is wider
than the UE supported bandwidth. FIG. 5-(¢) shows a case
that the system bandwidth is different from the UE supported
bandwidth, i.e. the system bandwidth is wider than the UE
supported bandwidth. But contrary to FIG. 5-(4), the UE
may support wide bandwidth with multiple radio frequency
(RF) components. A baseband component may be shared
among multiple RFs components, or separate baseband
component may be dedicated per RF component. Though it
may depend on UE capability, in the present invention, it is
assumed that baseband component/capability may be shared
among multiple RF components.

[0060] FIG. 6 shows an example of carrier bonding.
Depending on necessary system bandwidth, the network
may bond multiple NR carriers. If multiple NR carriers are
bonded and formed as one NR carrier, the system bandwidth
may be changed. The center frequency may also be changed.
Though, the direct current (DC) center may or may not be
changed depending on network operation. If the DC center
is changed, it may be indicated to UEs so that DC carrier can
be correctly handled.

[0061] In these scenarios, how to assign UE-system band-
width to UEs may follow by at least one of options below.
[0062] (1) A NR carrier may be divided into a set of
minimum-subband (M-SB). A subset of M-SBs may be
configured to UE via UE-specific signaling.

[0063] (2) A UE may be configured with start and end
frequency location of the UE-specific system bandwidth via
UE-specific signaling.

[0064] (3) A NR carrier may be divided into a set of
physical resource blocks (PRBs), and a set of PRBs may be
configured to UE via UE-specific signaling.

[0065] (4) A NR carrier may be divided into a set of PRB
groups, and a set of PRB groups may be configured to UE
via UE-specific signaling. The PRB group may consist of M
PRBs which may be contiguous. M PRBs may be chosen
such that the size is the same as one PRB based on the largest
subcarrier spacing that the NR carrier supports.

[0066] When a set of PRBs are used for UE-specific
bandwidth, it may be based on reference numerology (or,
default numerology or base numerology) used in synchro-
nization. Or, it may be fixed in the specification. Or, it may
be indicated implicitly or explicitly via system information
block (SIB) and/or master information block (MIB).
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[0067] If carrier bonding is applied, the system bandwidth
may be updated via SIB and/or MIB. As mentioned above,
center frequency and/or DC carrier may also be updated via
SIB and/or MIB.

[0068] For the convenience, in the present invention, it is
assumed that a NR carrier consists of M PRBs, based on the
reference numerology.

[0069] Hereinafter, various aspects of the UE system
bandwidth in NR carrier according to embodiments of the
present invention is described.

[0070] 1. Subband Definitions

[0071] First, a minimum-subband (M-SB) according to an
embodiment of the present invention is described. Assuming
that the minimum bandwidth that a UE supports (at least
enhanced mobile broadband (eMBB) UE or UE with rela-
tively high data rate) is K PRBs, and that a UE may support
multiple of K PRBs, the M-SB may be formed as K PRBs
or multiple of K PRBs. A UE may support bandwidth
between K*M PRBs to K*(M+1) PRBs, and a UE may be
configured with K*M PRBs or (K+1)*M PRBs. In this case,
some PRBs are not used for UE scheduling. Different size of
K may be supported by a single NR carrier. For example, if
there are three different UE bandwidths supported e.g. K1,
K2, and K3, the system bandwidth may be divided in to
N1*K1 PRBs, N2*K2 PRBs, and N3*K3 PRBs. In other
words, different sizes of subbands may be formed within the
system bandwidth.

[0072] Ifthe M-SB is defined in the system bandwidth, the
transmission of such as synchronization signals, physical
broadcast channel (PBCH), etc., may be performed within
one of M-SB. The one M-SB may be called anchor M-SB.
To keep synchronization signals, PBCH, etc., within the
anchor M-SB, RB indexing may be started from the location
of synchronization signals, PBCH, etc.

[0073] FIG. 7 shows an example of RB indexing accord-
ing to an embodiment of the present invention. Referring to
FIG. 7, RB indexing always starts from the center of anchor
M-SB or center of synchronization signal (SS) block trans-
mitted within anchor M-SB. If multiple SS blocks are
present in the NR carrier, the starting index in which a
common PRB indexing can start may be indicated, or the
offset between the center of M-SB or SS block and the
reference point for the common PRB indexing may be
indicated. As synchronization signal may present in edge of
system bandwidth, the indexing should be sufficiently large
(e.g. more than 2*maxRB). Referring to FIG. 7-(b).
[0074] Different from LTE, the resource indexing in NR
may not be affected by the system bandwidth (whether odd
or even) to simplify the indexing. Furthermore, maxRB is
the potential maximum RB size including guard band to
cover the largest system bandwidth that the NR supports. If
maxRB is too large, overall size of RB index may increase.
Therefore, in order to minimize the indexing overhead,
PBCH and/or SIB may indicate RB offset which may be
extracted from each RB index to reduce RB index value. For
example, if maxRB is 10000, and system bandwidth is only
100 RBs, RB offset of 9800 may be configured so that RB
index can be fallen into the range of [0, 200]. Alternatively,
maxRB may be determined from the system bandwidth
indicated by PBCH/SIB, and maxRB may be defined as
2*gystem bandwidth in RB.

[0075] Instead, if system bandwidth is not given, maxRB
may be indicated where the UE may assume that system
bandwidth of the NR carrier is smaller than maxRB, and
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larger than the anchor M-SB. For example, when carrier
bonding or carrier segment aggregation are dynamically
utilized, the system bandwidth of the network which can
change dynamically may not be indicated. Rather, any
necessary information to form the RB grid may be given.
The numerology used in synchronization signal and/or
PBCH, which is called reference numerology (or, default
numerology or base numerology), may be different from the
numerology mostly used in data scheduling or common
signal scheduling. In terms of PRB indexing for PBCH,
maxRB may be the same as bandwidth of PBCH. In other
words, RB indexing for PBCH may be locally determined
within PBCH bandwidth. For other channels, center fre-
quency and maxRB (either based on system bandwidth or
defined value) may be used for RB grid formation.

[0076] The edge M-SB with smaller size than full M-SB
may also be utilized for data scheduling. If the system
bandwidth is not known to UE, the use of only available
PRBs may be handled by the network.

[0077] The definition of M-SB may be used only for
common data, such as SIB, random access response (RAR),
paging, etc.

[0078] If SIB is transmitted via PDCCH, the resource set
for PDCCH carrying SIB may also be restricted to the
minimum bandwidth. The minimum bandwidth may be
defined as min (system bandwidth, UE minimum band-
width). The UE minimum bandwidth may be defined in the
specification, and may be different per frequency range or
band. The location and bandwidth of PDCCH resource set
within the system bandwidth may be indicated by PBCH.
Also, necessary information for PDCCH resource set for
SIB may be indicated by PBCH or additional PBCH. In
terms of configuring common search space (CSS) for
PDCCH, the following options may be considered.

[0079] (1) Option 1: System bandwidth may be divided
into a set of subbands, and each subband size is K PRBs. A
set of PDCCH resource sets may be defined/configured per
each subband, and a UE may be configured to monitor one
of them. The same configuration may be applied for each
subband. If this option is used, regardless of UE monitoring
subband, a UE can search the same CSS. If this is used,
configuration of CSS for PDCCH may include at least one
of the followings.

[0080] Number of PRBs within a subband: The PRB may
be started from the lowest frequency or highest frequency.
Or, additional offset may also be configured, or PRBs within
a subband may also be explicitly indicated.

[0081] Number of OFDM symbols used for CSS

[0082] Blind decoding candidates per aggregation level
(AD)

[0083] Transmission scheme and associated parameters

for transmission scheme

[0084] The CSS for PDCCH may be configured/applied
within a subband where a UE is configured to monitor. If a
UE is configured with multiple subbands, the configuration
may apply to the first subband or indicated subband for
control monitoring. The benefit of this approach is that a UE
is not required to change its SS configuration, even though
the UE changes its monitoring subband. Also, within each
subband, necessary synchronization signals and measure-
ment reference signal (RS) may be transmitted.

[0085] (2) Option 2: Different search space may be con-
figured per UE depending on UE supported bandwidth. In
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this case, separate configuration may be considered depend-
ing on UE supported bandwidth.

[0086] FIG. 8 shows an example of configuration of
different search space per UE according to an embodiment
of the present invention. Referring to FIG. 8, UE1 monitors
beam b1 and b2, and UE2 monitors beam b2 and b3. Further,
bandwidth supported by UE1 is narrower than the system
bandwidth, and bandwidth supported by UE2 is equal to the
system bandwidth.

[0087] As synchronization signals may not be placed in
the network carrier, depending on the synchronization sig-
nals, the relationship between subband and anchor subband
may be different. In terms of placing anchor subband, the
following options may be considered.

[0088] (1) Option 1: Anchor subband may be placed only
at one of the determined subband. The subband size may be
determined based on the system bandwidth, and then, anchor
subband should belong to one of subband. For example,
when system bandwidth is 400 MHz, and the subband size
is 100 MHz, anchor subband should be one of four sub-
bands. Within the anchor subband, the location of initial
synchronization signals may be flexible and may be placed
anywhere within the anchor subband. This may restrict the
possible location for initial synchronization signals. How-
ever, if there are different bandwidth supported by the
network in the same frequency band, it may also be desirable
to have some alignment between different system band-
width. For example, if one cell wants to operate in 4*100
MHz and another cell wants to operate in 400 MHz, subband
size of 100 MHz may be beneficial to align different system
bandwidth among cells in the same frequency. However,
again, this may restrict the possible location of synchroni-
zation signals.

[0089] Subband formation may be defined per frequency
range or per frequency band. For example, current LTE band
may be reframed or shared with NR, and in this case,
subband can be 1 and the subband size may be same as
system bandwidth. In other words, subband may not be
supported in frequency band equivalent to or overlapped
with LTE frequency. Alternatively, if NR band is redefined
which may span more than one LTE frequency band, it is
also possible that some UEs may not support the system
bandwidth. In other words, the above condition may occur
in such cases as well. For that, fixed subband size, e.g. 20
MHz or 10 MHz depending on UE minimum bandwidth
requirement or typical UE RF bandwidth, may be decided
even in frequency band overlapped with LTE frequency
bands.

[0090] If this option is used, the location of synchroniza-
tion or SS block may be limited by subband size. In other
words, some synchronization raster may not be used for
synchronization signal mapping which may lead SS block
across subbands (i.e. not fully contained within a subband).
In other words, a UE may assume that some synchronization
raster are not necessary to be searched as there may be no
synchronization signal mapping in such candidates, as it
cannot be contained within one subband.

[0091] (2) Option 2: Anchor subband may be formed
based on initial synchronization. Based on synchronization
signals assuming that the center of SS block is the center of
anchor subband, anchor subband may be formed implicitly.
The size of anchor subband may be defined in the specifi-
cation or configured by MIB. If this option is used, if the
frequency in which synchronization is transmitted are dif-
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ferent among neighbor cells, subband may not be aligned
among neighbor cells. Furthermore, subcarrier and RB grid
may not be aligned, either.

[0092] (3) Option 3: Anchor subband and other subband
for UE-specific bandwidth may be handled separately. In
other words, subband formation may be based on system
bandwidth or specified in the specification per frequency
range or band as mentioned in Option 1, while synchroni-
zation signals may be transmitted without being tied with
subband formation. In other words, synchronization signals
may be transmitted in anywhere, and thus, anchor subband
may be formed overlapped partially or fully with subband.
[0093] FIG. 9 shows an example of handling anchor
subband and other subband for UE-specific bandwidth sepa-
rately according to an embodiment of the present invention.
Referring to FIG. 9, subband formation and anchor subband
are configured separately. Therefore, anchor subband which
carries synchronization signal is overlapped with subband.
[0094] (4) Option 4: Subbands may be formed based on
center frequency indicated by the PBCH, and maximum
system bandwidth may be defined per frequency range or
per frequency band or may be indicated by MIB. In other
words, subband size and maximum system bandwidth may
be indicated by the network, and actual system bandwidth
may or may not be indicated. Such values may be predefined
in the specification which may vary depending on frequency.
When this option is used, a UE may not be able to access
some subbands. In such case, the frequency region which the
UE can access should be known to the UE via subband
allocation or UE-specific bandwidth allocation or by com-
mon signaling. If the network adapts its bandwidth dynami-
cally for power saving depending on UEs, anchor subband
may be included in the minimum system bandwidth. The
bandwidth may be indicated as minimum system bandwidth.
To allow dynamic bandwidth adaptation, it may also be
possible to change dynamic reserved resource which may be
indicated by semi-static and/or dynamic signaling, such as
group common PDCCH.

[0095] When subband formation is configured/defined, a
set of subbands may be explicitly indicated to a UE via
group common signaling. Alternatively, a set of subbands
may be implicitly indicated to a UE with start and end of
frequency region with which a UE is configured. The
frequency region may contain one or more subbands. In case
of multiple subbands, a UE may also be indicated with
additional information of subband within the configured
frequency region.

[0096] Initial access subband according to an embodiment
of'the present invention may also be defined. When SS block
size may be smaller than the subband size, CSS for SIB
reading should be clarified. One approach is to configure
CSS for SIB within the SS block so that a UE is not required
to perform any frequency retuning. Another approach is to
configure CSS for SIB by the MIB which may or may not
require frequency retuning. If subband is not formed based
on SS block, at least for CSS for SIB, it may be formed
within the SS block or around SS block. In other words, CSS
for SIB may be indicated by PBCH.

[0097] At SIB, further information on CSS for other
subband may be informed. Alternatively, anchor subband
may always be formed part of subband. To be aligned with
subband, the offset between subband center and SS block
center may be informed or based on system bandwidth, and
accordingly, subband formation may be known to the UE.
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Alternatively, when CSS is configured, the PRB indexing of
CSS may be configured based on the center of SS block. In
other words, offset relative to SS block may be used for
frequency location for CSS for SIB. Assuming maximum
subband size or defined subband size, virtual RB indexing
may be formed around SS block, and a set of PRBs may be
configured for CSS. This implies that PRB indexing is
performed around SS block instead of center of the system
bandwidth. When this approach is used, similar manner may
be used for UL PRB indexing. Or, UL PRB indexing may be
performed based on the center of uplink or based on a
reference UL frequency. UL frequency may be indicated for
each UL carrier. As different UL center may be configured
for different UEs, this assumes that center of UL carrier is
indicated/informed via MIB/SIB.

[0098] When anchor subband is not part of subband or is
overlapped with multiple subbands, for PBCH, PRB index-
ing may follow PRB indexing within SS block or minimum
system bandwidth. Other PRB indexing for other channels
may follow subband formation once subband formation is
known to the UE. In other words, a UE may assume SS
block as a center for PRB indexing until it acquires infor-
mation about system bandwidth’s center. Or, UE may
assume SS block center as PRB indexing’s center regardless
of actual center. After that, PRB indexing may be based on
subband bandwidth or system bandwidth depending on the
assumption or information carried on MIB. For example, if
MIB carries system bandwidth, PRB indexing may be based
on system bandwidth. And if MIB does not carry system
bandwidth, PRB indexing may be based on subband band-
width.

[0099] For initial access, anchor M-SB may be used. This
is at least supported for unpaired spectrum. Alternatively,
other region may be indicated e.g. via physical random
access channel (PRACH) configuration. Based on PRACH
configuration, a UE may switch UL frequency, and PRACH
configuration may also include control subband (within an
M-SB possibly) information where RAR can be expected.
M-SB of Msg3 may be dynamically or semi-statically
configured by RAR or SIB (e.g. remaining system informa-
tion (RMSI)). As a default, the same M-SB for PRACH may
be used for Msg3 transmission. For M-SB of Msgd, the same
M-SB or same control subband for RAR may be used, or
M-SB of Msgd4 may be dynamically or semi-statically
indicated by RAR or SIB. For data subband, unless other-
wise configured, M-SB in which control subband is located
may be used for DL data subband, and M-SB in which UL
transmission is scheduled may be used for UL data subband
for non-UE-specific data transmission. The similar concept
may be applied for single cell point-to-multipoint (SC-PTM)
or any other multicast transmission, sidelink, and broadcast
mechanism.

[0100] UE-specific bandwidth for DL/UL according to an
embodiment of the present invention is described. Control
subband used for Msg4 may be used for UE-specific search
space (USS), until it is reconfigured. In Msg3, necessary
channel state information (CSI) feedback may be delivered
for supporting localized mapping. If any feedback is not
sufficient, first distributed mapping may be used for search
space for Msgd and default USS. Default data subband for
USS may be defined in M-SB in which Msg4 control
subband is configured until it is reconfigured. This default
data subband may be smaller than the UE capable band-
width. The UE may report its capability in terms of band-
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width support via Msg3. Or, PRACH configuration may be
configured so that different bandwidth supporting UEs can
select different PRACH resource and thus by detecting
PRACH, the network can know the bandwidth capability.
When a UE is reconfigured with control region for USS,
control subband for Msg4 may be used as a fallback pur-
pose. In the configuration, search space split between new
USS and default USS may be indicated, or a UE may need
to search both until radio resource control (RRC) reconfigu-
ration is completed where search space is split equally
between two search space. Or, default search space may be
kept for possible fallback operation, PRACH operation, etc.

[0101] As long as it can be satisfied by UE capability in
terms of RF/baseband, a UE may be configured with mul-
tiple data subband for DL and UL, respectively. More
specifically, a transport block (TB) may be mapped for each
data subband, and one data subband may be overlapped with
another subband partially or fully.

[0102] FIG. 10 shows examples of different UE-specific
bandwidth options according to an embodiment of the
present invention. Referring to FIG. 10, when multiple
subbands are configured, it aggregation of subbands may be
supported in different manners. Within a system bandwidth,
depending on UE’s data rate requirement, smaller band-
width, which may be contiguous and non-contiguous, may
be configured, and the frequency region(s) may be hopped
to different region with or without frequency retuning delay
depending on RF bandwidth capability. One of the reason to
allow non-contiguous subband allocation is to enable fre-
quency-selective scheduling. FIG. 10-(a) shows a case of
intra-non-contiguous subband aggregation. FIG. 10-(b)
shows a case of intra-contiguous subband aggregation. FIG.
10-(c) shows a case of overlap subband aggregation. FIG.
10-(d) shows a case of subband over multiple RFs. FIG.
10-(e) shows a case of control subband within UE band-
width. FIG. 10-(e) shows a case of control subband within
subband.

[0103] For convenience, the following subbands may be
defined according to an embodiment of the present inven-
tion.

[0104] (1) Common data subband: There may be multiple
common data subbands depending on common data type or
purposes or radio network temporary identity (RNTI) or
groups. For a given UE, there may be at most one common
data subband for a given common data. Alternatively, the
same procedure in UE data subband, which will be described
below, may also be applicable to common data subband.
Once a UE is configured with UE-specific data subband, at
least one or more of configured UE-specific data subbands
may also be used for common data subbands.

[0105] Common data subband may be defined separately
for DL and UL. If the frequency region is different and
outside of UE RF capability (and thus require frequency
retuning), the gap between DL/UL may also include fre-
quency retuning latency in unpaired spectrum. Frequency
retuning may also be required if a UE has to switch center
frequency. In that sense, if subbands are configured in
different frequency regions which requires switching of
center frequency, or need to adapt its center to optimize RF
filter, it may also require retuning latency.

[0106] (2) Common control subband: Common control
subband corresponds to a region in which control for com-
mon data is transmitted. Generally, this may be a subset of
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common data subband. Or, common data subband and
common control subband may be placed within an M-SB or
anchor M-SB.

[0107] (3) UE data subband (or, just data subband): One
subband may consist of contiguous or non-contiguous PRBs
from a UE perspective. At least one of the followings may
be defined per data subband.

[0108] Numerology used for data transmission: Single
numerology is defined per data subband.

[0109] Slot length, mini-slot length(s): TTI is defined per
data subband.

[0110] RAT (e.g. NR, LTE) may be configured per UE data
subband.

[0111] Maximum transport block size (TBS): Maximum
TBS may be implicitly determined by the maximum number
of RBs within a data subband, or may be explicitly indicated.
[0112] Maximum one TB mapped to one data subband.
The maximum one TB may be per each layer if there are
multiple layers. In this case, maximum number of TBs with
multiple layers may be still supported within one data
subband. Initial transmission and retransmission may occur
in the same data subband or at least in the same data subband
set. Data subband set may be defined as a set of data subband
with the same numerology, and possibly different frequency
domain resources and other configurations, such as control
resource set configuration. A UE may be scheduled with a
TB in at most one of data subband in one data subband set
in a time. However, a UE may be scheduled with multiple
TBs, and each TB may be mapped to one data subband in
one data subband set, where multiple data subband sets are
configured and multiple data subbands are activated.
[0113] Data subband should be within a UE-specific band-
width, and UE-specific bandwidth may change with time. In
other words, a UE may be configured with multiple data
subbands, and one data subband may be activated at a time.
As mentioned above, at most one data subband is activated
at a given time from one data subband set. Data subband
may be referred as a bandwidth part (BWP).

[0114] (4) UE control subband (or, just control subband):
One or more control subband may be configured. Each data
subband may have one or more control subbands, and the
actual configuration may be separated and only the associa-
tion may be indicated in data subband configuration. Control
subband may be defined as follows.

[0115] Numerology used for control transmission: Single
numerology is defined per control subband.

[0116] Monitoring interval: One configuration of monitor-
ing interval is defined per control subband.

[0117] Resource element group (REG)/control channel
element (CCE) index within a control subband: No cross
REG/CCE indexing across different control subbands
[0118] REG/CCE resource mapping manner: Localized or
distributed may be configured.

[0119] 2. Control Subband and Data Subband Mapping
[0120] The mapping between control subband to data
subband may be 1-1 or n-1 or n-m or 1-m. Details are as
follows.

[0121] (1) One control subband may schedule data to only
one data subband. Accordingly, there is no need to indicate
data subband in the resource allocation.

[0122] (2) Multiple control subbands may schedule data to
one data subband: as it is still exclusive, there is no need to
indicate data subband in resource allocation.
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[0123] (3) One control subband may schedule data to
multiple data subbands, and one data subband may be
scheduled by multiple control subbands. In this case, indi-
cation of data subband is necessary. Data subband may be
indicated in resource allocation or indicated separately.
Alternatively, if one control subband schedules multiple data
subbands, control subband or search space may be separated
among data subbands. One approach is to divide candidates
among multiple subbands. Another approach is to divide
CCEs among multiple subbands. Particularly, this may be
useful if anchor or primary subband is configured to a UE,
and additional secondary subband(s) may be activated/
deactivated dynamically. More details will be described
below (5. Dynamic bandwidth sharing with SB-aggrega-
tion).

[0124] Further, when one control subband schedules data
to multiple data subbands, subband index also needs to be
identified in control information. First, one control subband
may schedule one data subband from the same data subband
set at a given time. As mentioned above, change of band-
width without changing numerology may be realized by
adding time-domain aspects on data subband or configuring
multiple data subbands. In this case, multiple data subbands
are formed as one data subband set. In this case, data
subband change may be explicitly indicated or implicitly
indicated depending on the data subband switching among
data subbands belonging to the same data subband set.
Second, one control subband may schedule one or multiple
data subbands from multiple data subband sets at a given
time. In this case, regardless of change of data subband
within a data subband set, indicating data subband set is
necessary. Both may be combined, and indication in DCI or
resource allocation may indicate a data subband index. Data
subband index may be uniquely configured for each data
band regardless of data subband set. This may be particu-
larly beneficial if a UE can be activated with multiple data
subbands (or BWPs) and also support bandwidth adaptation
across slots via scheduling DCI.

[0125] Further, it may be considerable to allow any con-
figuration by the network. In this case, for each control
subband, a set of data subbands which control subband may
schedule may be indicated. If there is only one data subband,
in resource allocation or additional field on data subband
index may be omitted. If there are more than one data
subbands, some indication on subband may be necessary.
However, this may lead variable DCI size depending on the
configured data subband. To address this, alternative
approach is to assume that any control subband can schedule
any data subband, and thus, the number of configured data
subband to the UE is assumed for all resource allocation. For
the control subband which schedules only one data subband,
this field may be reserved. Alternatively, the size of data
subband index fields may be configured for each control
region. The bit size to indicate data subband index may be
variable depending on the configured data subband to the
UE (or for common data if configured). Bit size may also be
zero if only one data subband is configured.

[0126] When multiple data subbands and control subbands
are configured, UE-specific bandwidth may be defined as
superset of data/control subbands in contiguous PRBs, or
UE-specific bandwidth may be configured separately. If
superset is used, the lowest PRB and the highest PRB in the
configuration may define the UE-specific system bandwidth.

Aug. 22,2019

[0127] 3. UE Capability

[0128] Depending on UE RF capability, a UE may be
configured with more than one contiguous or non-contigu-
ous UE-specific bandwidth (or UE-specific carrier). For
example, a UE may support the following cases.

[0129] A UE may support contiguous intra-band carrier
aggregation (CA) and/or non-contiguous intra-band CA with
X1 ... Xk (in case K carriers) system bandwidth. That is,
a UE may support intra-band CA with less than k RF
components. this case may be more necessary if the system
bandwidth in NR is defined smaller than a UE typical RF
capability

[0130] A UE may support maximum RF bandwidth
Xmzmax {X1 ... Xk} in the band (at least in one RF
component). That is, a UE may support intra-band CA with
single RF. In this case, RF capability may include sum of
supported bandwidth.

[0131] A UE may support k different RF components.
[0132] A UE may not be configured with intra-band CA
with the capability of one RF component. For example, even
if a UE supports 30 MHz, the network may not configure
10420 MHz carriers unless the UE can support also 10+20
MHz carrier aggregation. In this case, the network may
allocate 30 MHz carrier, and then may allocate 10+20 MHz
data subbands aggregation. This implies that a carrier may
have smaller system bandwidth than the UE typical/mini-
mum RF capability, but the network cannot allocate a carrier
smaller than the UE typical/minimum RF capability band-
width carrier for intra-band contiguous CA. More generally,
in only a few sets of UE RF capabilities, system bandwidth
can be larger than combinations of UE RF capabilities (e.g.
twice of maximum UE RF capability, sum of capability
value 1+capability value 2).

[0133] This implies that a UE has separate RF to support
intra-band contiguous or non-contiguous CA. In this case, a
UE needs to be configured with a carrier per RF, and then
may be configured control/data subbands within the carrier.
UE-specific carrier may be different from the carrier of the
network. Also, UE-specific carrier may not carry any syn-
chronization signals, and may not include any anchor M-SB.
The UE-specific carrier may be called UE-specific supported
bandwidth. Control/data subbands may be configured across
UE-specific supported bandwidth, and the guard band
between UE-specific supported bandwidth may be indicated
to the network, and/or may be avoided in scheduling or by
rate matching/puncturing. Another approach is to separate
control/data subbands configuration per UE-specific sup-
ported bandwidth. This may be viewed as that the UE-
specific supported bandwidth is treated as the carrier from a
UE perspective.

[0134] FIG. 11 shows an example of UE-specific sup-
ported bandwidth according to an embodiment of the present
invention. Referring to FIG. 11, control/data subbands are
separated per UE-specific supported bandwidth. More spe-
cifically, three data subbands are defined and one data
subband (D-SB2) is across UE-RF BW or UE-specific
supported bandwidths, and one control region is defined
across both UE-specific supported bandwidth.

[0135] To determine UE capability, the network can use
RF capability and baseband capability, and at least one of the
followings may be considered.

[0136] A UE may indicate maximum supported RF capa-
bility per band separately from baseband capability. This
may allow frequency region switching without retuning
latency. The maximum supported RF capability may be
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predefined. Also, if UE RF requires resynchronization out-
side of N bandwidth, a UE may not be configured with any
subband outside of N bandwidth (centered at the anchor
M-SB) or additional synchronization signals/tracking RS
may be transmitted in different subband.

[0137] A UE may indicate maximum support baseband
capability per band

[0138] A UE may indicate intra-contiguous/non-contigu-
ous CA capability per band. This capability may be used for
subband aggregation within a carrier if the network supports
larger bandwidth carrier than a UE can support with one RF
components.

[0139] If a UE supports inter-band CA, the supportable
baseband capability per band may be reduced. In other
words, if a UE can aggregate baseband capability for dif-
ferent carriers to one carrier, the UE may report the aggre-
gated baseband capability per baseband. For inter/intra-band
CA, the total baseband capability may be indicated which
may be divided to aggregated carriers by the network. If a
UE cannot support flexible partitioning of capabilities
between carriers, the UE may also indicate baseband capa-
bility per band for each band combination. For each band
combination, supported RF bandwidth on each band may
also be indicated.

[0140] NR UEs may flexibly share baseband capabilities
between carriers (possibly except for fast Fourier transform
(FFT)), mainly on control/data decoding capabilities. Thus,
the total baseband capabilities may be indicated per band
and band combinations which are shared, and may be
partitioned by the network. If a UE cannot support flexible
baseband capability sharing, the UE may indicate individual
baseband capability per band in a band combination.
[0141] 4. Resource Allocation

[0142] First, data subband configuration according to an
embodiment of the present invention is described. Though
frequency selective scheduling may be beneficial, a large TB
may be scheduled across larger bandwidth to minimize
control overhead. One of the mechanism to address this
issue is to define subband in a nested manner. For example,
two data subbands are formed and another subband which
covers both data subbands may be formed.

[0143] As long as the scheduled TBS over the configured
data subbands is less than the UE baseband capability, a UE
may attempt to decode all data. Also, the size of data
subband may be configured as 2k*M PRBs, based on the
minimum size M.

[0144] Second, resource allocation aspects within a data
subband according to an embodiment of the present inven-
tion is described. A data subband may consist of contiguous
or non-contiguous PRBs. The index of PRBs within system
bandwidth (regardless of knowing the system bandwidth or
not) may be known to the UE for the given data subband. For
determining resource allocation bit size, the following
approaches may be considered.

[0145] (1) The number of PRBs possible within a UE
supported bandwidth may be used for resource allocation. If
a UE can support wide bandwidth by multiple RF, regardless
of RF activation status, the total bandwidth supported by the
UE may be used. Otherwise, if it is smaller than system
bandwidth, system bandwidth may be used.

[0146] (2) The maximum number of PRBs configured to a
data subband for a given UE may be used for resource
allocation for any DL control information. In case of non-
contiguous PRBs, only configured PRBs may be counted. If
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RBGs are used for resource allocation, the maximum num-
ber of RBGs configured to a data subband for a given UE
may be used for resource allocation. The motivation is to
align the size of resource allocation field for all configured
subbands.

[0147] (3) Each control region may be configured with the
number of PRBs used in resource allocation field. This
should be larger than the allocated PRB s, but it may be up
to the network to determine the size.

[0148] (4) The same resource allocation size maybe kept
by adapting resource block group (RBG) size in resource
allocation. If data subband size is a function of M*2k, to
keep the same size of resource allocation regardless of data
subband size, RBG size may also be increased by 2k. If the
data subband size is M, RBG size may be assumed as P.
Then, it may increase by P*2k if M*2k is configured to the
data subband size.

[0149] (5) In all cases, unused bits may be reserved, or
may be used for some other purposes.

[0150] In terms of RB indexing, two approaches may be
considered. Within each data subband, RB indexing may be
done individually. Or, RB indexing may follow RB indexing
of the system.

[0151] FIG. 12 shows an example of individual RB index-
ing according to an embodiment of the present invention.
However, individual RB indexing may lead ambiguity in
terms of RB indexing between different UEs. Further, this
approach may also confuse any common data mapping, and
may degrade RS sequence performance, etc.

[0152] In this sense, logical PRB index, which may be
mapped to 0, 1. .. N (N+1 is the number of PRBs in a data
subband) per each data subband, may be used. Logical PRB
to physical PRB mapping may be continuously done if
contiguous PRB is assigned for a data subband. For non-
contiguous PRBs within a subband, a logical PRB index
may be constructed as 1 . . . N (in ascending order) for each
allocated PRB for resource allocation purpose. If virtual
PRB is applied, the index may be used after physical PRB
to virtual PRB mapping is applied. However, in terms of
data scrambling, RS mapping, etc., physical PRB index
should be used instead of logical index. Logical PRB index
may be used only for resource allocation purpose.

[0153] Based on the logical PRB index, the following
resource allocation mechanisms may be applied.

[0154] (1) RBG based resource allocation: RBG size may
be defined by the size of data subband if it is contiguous. As
mentioned before, RBG size may be defined proportional to
the size of data subband. If it is non-contiguous, RBG size
may be fixed or configured by the network. This may be
applied to contiguous case. The RBG size configuration may
indicate one set out of two sets (one set consists of RBGs
sizes per bandwidth ranges). Based on the configuration,
RBG size may be determined per each data subband.
[0155] (2) Compact resource allocation: As mentioned
above, the field size may be determined by maximum of the
configured subbands or maximum configured by the net-
work or configured subband size.

[0156] (3) Contiguous resource allocation: Demodulation
RS (DM-RS PRB) bundling size may be configured per UE
or per subband or per control subband, if physical resources
are non-contiguous within a PRB bundling based on logical
PRB index. A UE may not assume the same precoding
between non-contiguous PRBs. In other words, PRB bun-
dling may not be applied across physically non-contiguous
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PRBs. For example, if logical PRB index 3, 4, 5 indicates
PRB index 20, 21, 44, which are grouped as bundled PRBs
for precoding, bundling may be applied only for PRB index
20, and 21. Alternative approach is to apply PRB bundling
based on the bundle size on PRB rather than logical RB.
[0157] (4) Hopping: If hopping is enabled, hopping may
be applied only within a data subband. Alternatively, if
retuning latency is considered, hopping may also be applied
within a carrier. More specifically, hopping bandwidth may
be configured per each control subband (UE-specifically for
USS, cell-specifically for CSS) or cell-specifically.

[0158] (5) Resource allocation type: If data subband is
formed to utilize frequency selective scheduling, it may be
generally desirable to schedule data rather contiguously at
least within a RBG. In this case, it may be configured with
resource allocation based on contiguous mapping (i.e. com-
pact resource allocation). If a subband is formed across
larger bandwidth, distributed scheduling may be useful. In
that case, bitmap on RBGs may be used. Further, resource
allocation type per subband may be configured regardless of
transmission scheme used or DCI format used. However, if
different resource allocation size is used with allocation type
(e.g. resource allocation type O vs allocation type 2), it may
lead different allocation size on a subband. If any subband
is scheduled by a control subband, this may lead possibly
different DCI size. One approach to address this is to use the
same size resource allocation type scheduled by a control
subband by restricting set of data subbands. Alternatively,
resource allocation type may be configured per control
subband, and it may be applied for subband scheduled by the
control subband.

[0159] 5. Dynamic Bandwidth Sharing with SB-Aggrega-
tion
[0160] For battery saving or efficient operation depending

on the necessary data bandwidth, bandwidth for control/data
reception/transmission may be adapted semi-statically or
dynamically. One easy approach to utilize dynamic band-
width sharing is to allocate anchor data subband or primary
data subband (PSB). The anchor data subband or PSB may
not be changed regardless of bandwidth adaptation (or, may
change semistatically). Further, supplemental or secondary
data subband (SSB) may be dynamically aggregated or not
aggregated. Subband size may also be changed dynamically.
If SSB is allocated, which can be indicated by DCL, a TB
may be mapped to anchor subband or SSB or both. In other
words, a UE may be configured with more than one data
subbands and one data subband size may be small and the
other data subband size may be large. Switching between
two may be done by DCI, such as indication of data subband
in DCI. In terms of configuration of multiple data subbands,
nested structure among configured data subbands may be
considered.

[0161] As a UE may require time to adapt its bandwidth,
another approach is to apply same-subframe scheduling for
anchor subband, and cross-subframe scheduling for SSB.
This may be applied only for the case that SSB is activated/
added. More specifically, a UE bandwidth may be allocated
for fixed subbands and variable subbands. Fixed subbands
may not be changed, whereas variable subbands may be
changed depending on data rate or cases. A separate TB may
be scheduled in fixed and variable subbands, and scheduling
on variable subbands (or SSB) may be activated dynami-
cally via scheduling. In this case, to allow a UE to adapt its
bandwidth, additional delay may be added between control
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and data (which may be done via cross-slot/subframe sched-
uling or adding a gap between control and data). If gap is not
explicitly given, a UE may skip decoding of the first few
OFDM symbols carried in variable subband(s). In this case,
anchor subband may be treated as primary cell (PCell) in
LTE CA, and SSB may be treated as secondary cell (SCell)
in LTE CA. Similar mechanism used for SCell addition/
deactivation may be used for SSB activation/deactivation.
However, this SSB may not carry additional synchronization
signals, and synchronization may be done in anchor sub-
band.

[0162] As mentioned above, for this case, control subband
may be configured within only anchor subband (or, PSB). In
this case, the control subband may carry control information
of all subbands. Or, control subband may be configured
across PSB/SSB or per each subband.

[0163] This is somewhat similar to CA case with self-
carrier and cross-carrier scheduling.

[0164] Accordingly, similar techniques used in CA may be
applicable. However, if only one control subband within
anchor subband is configured, depending on the activated
SSB(s), different behavior on control channel monitoring
may be considered as follows.

[0165] (1) Control subband size may be expanded (i.e. the
number of CCEs may be increased) with more activated
subbands. One approach is to expand in time domain to
increase number of CCEs which may be done semi-statically
or dynamically. If one control subband schedules one TB
across multiple subbands, resource allocation fields in DCI
may be increased accordingly, which may require more
resources to transmit control channels.

[0166] Also, the increased control subband may be
divided between multiple subbands. For example, hashing
function in each subband may be used to determine the
starting CCE to search (either per AL or same across AL). In
other words, CCEs or search space may be divided between
multiple data subbands. In this case, separate field on
subband index may not be necessary as it may be differen-
tiated by the candidate. If candidates for different data
subbands collide, smaller subband index may have higher
priority. In this case, the number of blind decoding may be
(semi-) linearly increased with number of activated data
subbands. Common data may be scheduled only via PSB,
and thus, additional blind decoding on common data may
not be used (similar to current CA). This may not be applied
to all common data, but only to fallback and transmit power
command (TPC) related common data.

[0167] (2) Control subband size may be kept as same with
the increased number of blind decoding. As mentioned
above, blind decoding may be increased with the number of
activated subbands. In this case, as similar as above, search
space may be separated among activated subbands (i.e. the
above mechanisms may be applied in this case).

[0168] (3) Control subband size may be kept and the
number of blind decoding may be kept as same. In this case,
as mentioned above, subband index may be carried in DCI,
or search space may be divided among multiple data sub-
bands. If the number of blind decoding is relatively small, it
is generally desirable to carry subband index in DCI. This
option is to minimize UE complexity in term of blind
decoding.

[0169] If one control subband schedules multiple data
subbands, rate matching on control region may be applied
only within one data subband. If a UE detects two DCls
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schedule PSB and SSB, a UE may still assume data rate
matching on control subband scheduling data. In other
words, only resources used for the corresponding scheduling
control may be assumed for data rate matching (in addition
to semi-statically configured resources for rate matching).
Alternatively, in each scheduling DCI, the number of sched-
uled PDSCHs across multiple subbands may be indicated,
which may also be used for data rate matching purpose.
[0170] FIG. 13 shows examples of dynamic bandwidth
adaptation via data subband aggregation according to an
embodiment of the present invention. Data subband men-
tioned in the present invention may be renamed as data-
configured subband (D-CS). Referring to FIG. 13-(a), CA-
like operation is utilized. Depending on traffic or power
consumption requirements, a UE may be configured with
one or multiple data subbands. The drawback of this
approach is potential control overhead to separately sched-
ule different TB per data subbands. As CA-like operation
may be utilized, the impact of dynamic bandwidth adapta-
tion may be simplified. For example, if a UE is configured
with bandwidth-A for low traffic rate, and bandwidth-B for
high traffic rate, two data subbands may be configured to a
UE. First data subband may cover bandwidth-A, and the
other data subband may cover bandwidth-B—bandwidth-A.
In this case, bandwidth-B may be achieved via data subband
aggregation.

[0171] Further, to minimize control overhead, another
approach is to configure two data subband, and first data
subband may cover bandwidth-A and the other data subband
may cover bandwidth-B. In this case, two data subband may
partially overlap. FIG. 13-(b) shows a case that two data
subbands are partially overlapped and FIG. 13-(¢) shows a
case that two data subband are not overlapped. Depending
on scheduling, a UE may determine which data subband is
activated, and dynamically adapt its bandwidth.

[0172] FIG. 14 shows examples of bandwidth adaptation
via data subband aggregation with multiple RF according to
an embodiment of the present invention. If a UE supports
wideband with multiple RFs in a NR carrier, one or more
D-SBs may be turned on/off to adapt the overall data
bandwidth.

[0173] 6. Subband Aggregation Activation

[0174] For subband aggregation activation, similar
approach used in CA may be used (i.e. via media access
control (MAC) control element (CE)). If subband size is also
dynamically changed, this activation message may also
include the size of activated subband. Different from CA,
subband aggregation may not require radio resource man-
agement (RRM) measurement on the aggregated subband.
However, it may be necessary to obtain CSI feedbacks on
candidate subbands where one or more subbands (partially
or fully) can be activated. In this sense, aperiodic wide-
subband request may be triggered for the configured sub-
bands. In other words, a UE may be configured with a list of
potential subbands and a UE may be required to perform
aperiodic CSI measurement which may be based on one-
shot or based on aggregated measurements. Aperiodic CSI
request may be requested on one or more configured sub-
bands, and for the deactivated subbands, only wideband CSI
measurement within the subband (i.e. wideband channel
quality indictor (CQI)/precoding matrix indicator (PMI)
over the entire subband) may be reported. If a UE RF does
not support CSI measurement without RF retuning/adapta-
tion, additional and/or shared (with inter-frequency) mea-
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surement gap may be required. Before activating a subband,
wideband CSI report may be expected generally, and a UE
may have to adapt its RF to perform CSI measurement.
Thus, generally, the processing time between aperiodic CSI
trigger to report on deactivated subbands may be longer than
aperiodic CSI processing time on activated subbands, unless
deactivated subbands’ CSI are also periodically measured.
[0175] 7. Reconfiguration of Data Subband

[0176] When a UE is configured with additional data
subband within a UE RF bandwidth, depending on subband
configuration, it may be sometimes necessary to retune its
center frequency (receiver center). If frequency retuning is
needed, sufficient gap may be needed. For one approach to
allow this gap, time between the end of PDSCH which
carries reconfiguration message and the start of next may be
used for retuning gap. If a UE is scheduled with any UL in
that gap, a UE may drop any UL for retuning. To minimize
the gap, it is generally desirable to keep the center frequency
unchanged if data subband is changed dynamically or a UE
is allowed to change its RF bandwidth for data reception/
transmission. In order to mandate this indirectly, resource
blocks for resource allocation may always be configured in
a nested manner based on the first semi-statically configured
data subband. For example, a UE may be dynamically
configured with data subband size between [M, 2*M, 4*M,
8*M . .. ] PRBs, where M is the minimum size of data
subband. To minimize control subband change, control
subband may be formed within M PRBs. To keep the
resource allocation field intact regardless of data subband
bandwidth adaptation, RBG size may be increased with the
increased data subband size.

[0177] FIG. 15 shows an example of resource allocation in
a nested manner according to an embodiment of the present
invention. Referring to FIG. 15, a UE is dynamically con-
figured with data subband size between [M, 2*M, 4*M]
PRBs, where M is the minimum size of data subband. This
may be preconfigured as possible patterns, and one of
patterns may be dynamically or semi-statically indicated. In
case of dynamic indication, which pattern is used or which
data subband bandwidth size is used may need to be dynami-
cally indicated. If a UE is dynamically configured between
BW-A (M PRBs), and BW-B (4*M PRBs), one bit may be
added to DCI to indicate which size is being currently used
for data scheduling. If a UE does not need any retuning,
instantaneous RF spanning may be assumed. Otherwise,
some gap for retuning latency may be assumed.

[0178] The size of data subband may be semi-statically
changed as well. With semi-static change, fallback messages
may be scheduled based on minimum data subband band-
width size for resource allocation, or based on default data
subband bandwidth size configured or indicated by the
network. In other words, during reconfiguration, or DCI
scheduled on fallback, search space may assume different
data bandwidth for resource allocation. For example, mini-
mum size of BW-A (M PRBs) may be used for fallback
signaling. When semi-static change of data subband size
occurs, necessary reconfiguration of semi-static resources
may also be necessary, particularly for resources configured
with offset value based on the bandwidth (e.g. PUCCH
resource offset). Also, for example, bandwidth of wideband
CSI-RS may need to be adapted. The bandwidth may be
determined by DCI if dynamic change is adopted, and
semi-static adaption may be achieved when semi-static
reconfiguration is applied. Once reconfiguration is done
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dynamically or semi-statically, RB indexing (if RB indexing
starts from the lowest frequency) may be changed. In that
sense, during fallback operation or reconfiguration, particu-
larly when data subband size is changed, it is not desirable
to schedule fallback message (e.g. RRC configuration mes-
sage) with user data.

[0179] 8. CA Handling

[0180] If multiple carriers are present, from a UE perspec-
tive, one data subband may be configured across multiple
carriers or within one carrier. Furthermore, more than one
data subband may be configured with a UE-specific band-
width. If multiple data subband is configured in UL, as
different TTI may be configured or different RAT is config-
ured, the mapping of DL data subband and UL data subband
may be necessary. Accordingly, the following options may
be considered.

[0181] (1) Any DL data subband may be mapped to a UL
data subband. All uplink control information (UCI) corre-
sponding to any DL data subband may be transmitted in any
UL data subband.

[0182] (2) UL data subband may be divided into a few
groups. All UCI corresponding to any DL data subband may
be piggybacked to PUSCH of any UL data subband. In case
of PUCCH transmission, DL data subband may be grouped
as well and each group between DL data subband and UL
data subband may be mapped.

[0183] (3) UL data subband and DL data subband may be
grouped and a DL data subband group may be mapped to
only one UL data subband group. UCI piggyback, PUCCH
transmission, CSI trigger, etc., may be handled within each
UL data subband group.

[0184] 9. RRM Handling

[0185] When the system bandwidth is wider than the UE
supported bandwidth, the following two approaches may be
considered for RRM.

[0186] (1) Subband approach: A network configures/op-
erates one wideband carrier, and a UE may monitor one or
multiple subband(s).

[0187] (2) Carrier approach: A network configures mul-
tiple narrowband carriers, and a UE may be configured with
one or multiple carriers, like intra-band CA.

[0188] When the subband approach is considered, the
following aspects should be clarified in each subband where
a UE is configured to monitor for DL.

[0189] Whether CSS is configured separately per each
subband

[0190] Whether synchronization signal is transmitted per
each subband

[0191] Whether measurement RS is transmitted per each
subband

[0192] Whether tracking RS is transmitted separately per
each subband

[0193] Whether PBCH and/or SIB is transmitted sepa-

rately per each subband

[0194] Whether RACH procedure can occur within each
subband
[0195]
subband
[0196] When the subband approach is considered, three
options may be further considered for SS block transmission
as follows.

[0197] (1) Each subband may carry SS block and any SS
block may be accessed by stand-alone UEs.

Whether resource allocation is restricted within a
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[0198] (2) Only anchor subband may carry SS block.
There may be one anchor subband across multiple carriers,
i.e. one carrier may not carry SS block.

[0199] (3) Whether each data subband may carry SS block
may be based on configuration. From a UE time/frequency
synchronization perspective, a UE may assume that the SS
block in initial access may be used for the reference, until it
is handed over to another SS block.

[0200] If option (1) is used, SS block transmission over-
head may be added, particularly if small interval is used for
synchronization signal periodicity. Also, as different UEs
can access different SS blocks, some information on PBCH
and/or SIB may need to be different per each subband. For
example, if the offset of center frequency of the system
bandwidth and center frequency of the SS block is indicated,
the value may be different per each subband. While option
(1) adds some burden, it may simplify UE measurement,
particularly for neighbor cell measurement.

[0201] Ifoption (2) is used, to support RRM measurement
for UEs in different subband from the anchor subband, it
may be necessary to transmit additional signals for cell
detection and measurements. However, compared to option
(1), at least different frequency of SS block transmission or
additional transmission may be considered (e.g. sparser
transmission). If there are UEs in a subband which are not
capable of monitoring CSS configured in different subband
or anchor subband, CSS may be additionally configured if
the subband approach is used.

[0202] It is described that thee options mentioned above
are applied to the subband approach. However, three options
may also be applied to the carrier approach. Even with
carrier approach, only anchor carrier may carry the SS block
for initial access, and other carrier may transmit additional
signaling similar to the subband approach.

[0203] When the subband approach is used, it may effi-
ciently handle UEs supporting larger bandwidth than the
bandwidth of a subband. For such UEs, multiple subbands
may be configured and one TB may be mapped to one TB.
[0204] When a UE is equipped with multiple RFs for
supporting wider bandwidth, both subband approach and
carrier approach may be considered. In LTE, the case has
been supported by intra-band CA. As discussed above, each
subband may carry necessary synchronization and RRM RS,
and possibly PBCH/SIB transmissions. In that sense, either
by subband or carrier approach, similar overhead may be
expected by supporting the followings.

[0205] From the network operation perspective of a wide-
band, the network may define an anchor subband/carrier
where SS block for initial access is transmitted. In other
subbands, additional signals may be transmitted for mea-
surements if there are UEs requiring transmission.

[0206] From a UE perspective, regardless of whether the
network utilizes subband approach or carrier approach, the
UE may be configured with one or multiple of data sub-
bands. This may be efficient at least if the network manages
multiple carriers with the anchor carrier and supplemental
carrier to minimize initial access overhead or the network
operates different numerologies in different frequencies.
[0207] FIG. 16 shows an example of different handling
options for wideband spectrum with narrowband UE RFs
according to an embodiment of the present invention. In
FIG. 16, for the convenience, a component carrier defined by
the network (or from the network perspective) is called
N-carrier. Also, a component carrier defined by the UE (or
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from the UE perspective) is called U-carrier. FIG. 16-(a)
shows mapping between N-carrier and U-carrier for multiple
RF over single wideband. FIG. 16-(b) shows mapping
between N-carrier and U-carrier for multiple RF over mul-
tiple narrowband.

[0208] 10. Single Data Subband Mapping with Multiple
RF
[0209] As discussed above, one data subband may be

configured to span a single or multiple UE RF bandwidth. As
the UE is equipped with multiple RF, some issues related to
phase continuity and/or power amplifier may need to be
clarified. If a UE can support reception of data with phase
continuity regardless of actual RF, the UE may indicate its
capability. In terms of capability, whether a UE can support
wideband via multiple RFs or not may be indicated. Base-
band capability may not support this operation. In this case,
a UE may need to inform that each RF supports a certain
bandwidth, multiple RFs can support multiple of narrow-
bands, and each narrowband is supported by one RF. This is
similar to CA from a UE perspective. For UL, some con-
siderations needs to be addressed.

[0210] (1) If a UE is configured with discrete Fourier
transform
[0211] (DFT)-spread-OFDM (DFT-s-OFDM), as the UE

may need to perform spreading separately per RF, whether
a UE can support multiple DFT-s-OFDM simultaneously or
not may be indicated. In case of separate RF, separate
handling on potential DC may be necessary and a UE may
indicate a set of potential DCs for each RF. Or, a UE may
indicate potential multiple DCs considering multiple RFs. If
a UE supports simultaneous UL transmissions, the network
may schedule one or multiple TB s across multiple UL
resource regions which may be handled via one or multiple
RFs. The set of RBs transmitted via one RF may need to be
informed to the network or to other UEs (e.g. in sidelink
operation). This may be necessary particularly when channel
estimation or PRB bundling is assumed and PRB bundling
would not cross the RF boundary.

[0212] (2) Ifa UE is equipped with separate power ampli-
fier in two RF, the power split between two RFs may be
necessary which may be independently configured/indicated
by the network. If the network schedules one TB over
multiple RF transmissions, the following approaches may be
considered.

[0213] The parameters of power control may be applied
commonly across the RFs, the power assigned in each power
amplifier or RF may be determined by the common power
parameters with the allocated RB within the RF bandwidth
or RBs covered by the RF. If power limited, power scaling
or dropping may occur based on priority, such as UCI type.
[0214] The parameters of power control may be config-
ured separately and the power assigned in each power
amplifier or RF may be determined by the independently
configured parameters with the allocated RB within the RF
bandwidth. This approach makes more sense when separate
UL transmission is configured by the network and power
control is performed independently per RF. To support this,
one DCI or one UL grant may indicate different TB across
different PRBs. Separate configuration on DM-RS may also
be considered. If separate power control is used, separate
TPC command may also be necessary.

[0215] (3) Control channel monitoring

[0216] For better channel estimation, one control resource
set may be confined within one RF bandwidth. Further,
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multiple control resource sets may be configured for mul-
tiple RFs. Even if it allows a control resource set to be
mapped over multiple RFs, at least one control resource set
or control resource set for common search space may be
confined within the primary RF bandwidth. This is to
minimize ambiguity of control monitoring subframe regard-
less of activation/deactivation of RFs other than the primary
RF. If a control resource set spans multiple RFs, search
space may be constructed so that at least partial candidates
can be located within the primary RF bandwidth. This may
be done e.g. by not distributing adjacent (logically) CCEs
across different RFs. In other words, when CCEs are dis-
tributed, it may be distributed within one RF bandwidth. As
common search space or group-common search space is
shared by multiple UEs which may have different RF
bandwidth supported, it may need to be clarified how each
UE can access or how search space is configured. The
following approaches may be considered.

[0217] Group common search space may be configured
within the smallest RF among UEs which share the same
search space. If USS and C/GSS shares the same control
resource set, only partial bandwidth may be shared between
USS and C/GSS. To support this, control resource set may
be virtually divided into fixed and variable resource set, and
CCEs may be mapped independently between fixed and
variable resource set, and possibly different transmission
scheme may also be considered between two different
resource regions. Alternatively, CCEs may be mapped in a
way that only the first M CCEs are mapped within the
smallest RF bandwidth region where a set of candidates are
restricted for C/GSS, whereas USS can be mapped over the
entire control resource set.

[0218] Group common search space may be configured
within the nominal RF which is defined in the specification
or by configuration, and a UE supporting less bandwidth
than the nominal RF may not be able to access some search
space candidates or have restriction.

[0219] Separate group common search space may be con-
figured per different bandwidth UEs. The UEs sharing the
same search space may have the same RF bandwidth capa-
bility at least from the control monitoring perspective.
[0220] (4) Data mapping

[0221] One TB may be mapped over multiple RF band-
width. However, one DCI, which can schedule two different
TBs or multiple TBs, may be transmitted over multiple RFs.
In other words, one DCI may schedule separate resource
allocation for different bandwidth with different RF. Alter-
natively, resource allocation may be done based on the
single RF bandwidth and the same resource allocation may
also be applied to different RF. For example, if resource
allocation schedules PRB 1 to 15 for one RF, it may be
assumed that the PRB within the RF is allocated to the UE.
If it is configured to apply the same resource allocation to
different RFs, it may be assumed that PRB 1 to 15 for each
RF is also allocated to the UE. To support this, each DCI
may carry N bits, where N is the number of RFs except for
the primary RF which are activated. Further, whether the
same resource allocation is applied or not may be indicated
via the bitmap.

[0222] Alternatively, resource allocation may be done
based on the aggregated bandwidth by the multiple RFs. In
this case, resource allocation by common search space or
group common search space may be restricted within the
bandwidth covered by primary RF. The similar restriction
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may also be applied to the case of bandwidth adaptation
even with single RF. In this case, CSS may be restricted to
the minimum bandwidth, and resource allocation by CSS
may be restricted to the configured bandwidth or minimum
bandwidth to avoid ambiguity. In other words, the band-
width in each search space may be different. Further, dif-
ferent bandwidth per each search space or control resource
set may be configured as well. To minimize the overhead,
compact resource allocation may be used for contiguous
resource allocation, or different RBG may be considered
depending on the configured RFs or the aggregated band-
width. In other words, even though the system bandwidth is
same to all UEs, depending on the supported bandwidth by
each UE, RBG size may be different and RBG sizes among
different bandwidth may also be multiple values of each
other (e.g. RBG size is 2 PRBs for 5 MHz, 4 PRBs for 10
MHz, 8 PRBs for 20 MHz, and so on).

[0223] (5) PUCCH Transmission:

[0224] If distributed mapping for PUCCH is supported,
PUCCH transmission may be confined within one RF
regardless of the aggregated bandwidth supported by the
UE. This is mainly useful if DFT-s-OFDM is used. However,
even with OFDM, this may be beneficial for power control,
etc. In other words, PUCCH resource may be configured
differently based on RF information from each UE. If
PUCCH is transmitted only via primary RF, the PUCCH
resource configuration may be confined within primary RF
bandwidth. Alternatively, PUCCH resource mapping may
occur across multiple RFs, in which long PUCCH with low
peak-to-average power ratio (PAPR) may not be easily
supported or simultaneous transmission capability may be
necessary. Further, a UE may support DFT-s-OFDM and
OFDM simultaneously via different RF which may be
indicated to the network. This may be efficient if simulta-
neous UL transmission to different gNB or transmission/
reception points (TRPs) are supported and one may require
coverage and the other may require efficient multiplexing. If
the UE does not support simultaneous transmission of two
waveforms, one waveform may be configured semi-stati-
cally or dynamically. Long PUCCH and short PUCCH may
also be transmitted simultaneously regardless of waveform
used. Cross-UCI piggyback among different RF may also be
supported.

[0225] (6) PRACH Transmission

[0226] Multiple RF reception may be enabled by UE-
specific higher layer signaling. In other words, Multiple RF
reception may be activated when a UE is in RRC connected
state. If multiple RF is enabled even before RRC connected
state, a UE should support seamless/transparent transmis-
sion/reception. In this case, PRACH resource may be con-
fined within a UE minimum bandwidth so that all UEs can
transmit PRACH with single RF. Or, different PRACH
resources may be configured with different PRACH band-
width.

[0227] (7) CQI Transmission

[0228] Subband partitioning may be constructed based on
the aggregated wideband bandwidth. Single wideband CQI
may be indicated over the wideband. However, partial
wideband CQI may also be configured/transmitted which is
averaged over the RBs covered by a single RF. This is
particularly useful if different RF supports different numer-

ology.
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[0229] (8) Bandwidth Adaptation

[0230] If bandwidth adaptation is achieved and the aggre-
gated bandwidth is smaller than the maximum bandwidth
covered by single RF, a UE may deactivate other RFs other
than the primary RF. In terms of bandwidth adaptation,
based on the knowledge of UE RFs, the network may also
indicate the required number of RFs and its intended center
frequency. In other words, when bandwidth adaptation is
applied, first, a UE may be activated or deactivated with
secondary RF (It may also be possible to activate/deactivate
third or fourth RF as well). In terms of activation/deactiva-
tion, MAC CE and/or RRC and/or dynamic signaling via
DCI or separate signaling may be used. Another approach is
to leave this up to UE implementation and no explicit
activation/deactivation of RF procedure is supported.
Depending on monitoring bandwidth, a UE may switch off
or on some of RFs. In this case, depending on UE capability
signaling on bandwidth, the network may determine the
bandwidth that the UE can support/can be configured with.
[0231] Bandwidth adaptation may occur without knowing
the details of RF layout of the UE. In this case, maximum RF
switching delay including retuning and activation/deactiva-
tion should be considered for bandwidth adaptation. Gen-
erally, if RF activation is required for bandwidth adaptation,
it may also include code-start, which may require more than
a few milliseconds. In this sense, it is desirable that the
network knows or explicitly indicate whether to deactivate
RF or not. If dynamic adaptation is used, the UE may not
turn on or off the RF. Alternatively, if a UE turns on the RF
to increase RF, a UE may drop receiving some data during
the activation. Alternatively, when bandwidth adaptation is
indicated, a UE may response with the required latency to
support the operation. Primary RF may not be turned off
anytime, unless a UE is in discontinuous reception (DRX)
cycle.

[0232] For reducing bandwidth, one or more RFs may be
deactivated. This may be done via RRC or MAC CE or
dynamic signaling. Further reduction of bandwidth may be
done within primary RF. In other words, smaller bandwidth
adaptation within a RF may occur only within a primary RF.
This procedure may be common between UEs with one or
multiple RFs. For increasing bandwidth, at first, bandwidth
may be increased within primary RF. When further increase
is necessary, activation of one or more RFs may be consid-
ered. When activating one or more RFs, a UE may be
configured with the bandwidth monitored by each RF which
may be equal to or smaller than UE RF bandwidth. For
example, if a secondary RF supports 200 MHz, the UE may
be configured with only 100 MHz for data monitoring.
Increasing/decreasing within primary RF may be done via
dynamic signaling, whereas increasing/decreasing of addi-
tional RF may be done via MAC CE/RRC signaling.

[0233] (9) HARQ buffer may be shared between different
RFs.

[0234] (10) RRM measurement

[0235] Unless otherwise noted/configured, RRM measure-

ment may occur once for the configured resource for the
wideband carrier. Alternatively, RRM measurement may
occur for each RF and different frequency region may be
configured per each RF. Wideband measurement across
multiple RF may also be considered and aggregated/average
RRM measurement over multiple RF may be reported, or
separate/individual RRM measurement may be reported per
RF.
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[0236] Alternatively, RRM may only be supported in
primary RF. Primary RF may perform RRM measurement
on the serving cell, and secondary/multiple RFs may be used
for inter-frequency measurement. For serving cell measure-
ment or connected measurement for intra-frequency mea-
surement, frequency region may be used only for primary
RF and the measurement bandwidth may be configured to
equal to or smaller than the primary RF bandwidth.

[0237] (11) Fallback

[0238] IfRF is activated or deactivated and one TB can be
mapped over multiple RFs, during activation or deactiva-
tion, ambiguity may occur as the network does not know
when the UE is ready or finish the activation. In this case, if
multiple RFs are utilized, primary RF may be assigned
where the bandwidth for scheduling via CSS or group-
common SS may be fitted within the bandwidth supported
by the primary RF. If primary RF bandwidth is changed,
minimum bandwidth assumed not to be changed may be
used for CSS scheduling. For example, a UE has two RFs
with 100 MHz each, and one RF may be defined as a primary
RF. In this case, the resource allocation bandwidth via CSS
for that UE may be equal to or smaller than 100 MHz. In
other words, at least one RF may always be activated and
fallback bandwidth may be smaller or equal to the primary
RF bandwidth. After DRX, only one RF may be activated,
and monitoring on control during On_duration may be
limited to the bandwidth of one RF. If activation/deactiva-
tion of RF is done via network indication, the bandwidth/
PRBs where each RF is monitoring may be indicated.
Further, the primary RF and its monitoring PRBs should be
negotiated or informed to the network so that the network
would not perform turning of all PRBs of the primary RF.
Or, fallback message may be delivered to the primary RF
bandwidth.

[0239] (12) Tracking

[0240] Tracking RS may cover multiple RFs used by the
UE. If tracking RS is transmitted in subband, multiple
subband transmission may be used for tracking RS trans-
mission so that each RF can acquire tracking RS from each
monitored subband. However, different periodicity and/or
time/frequency resource may be used for tracking RS trans-
mission in different bandwidth/subbands.

[0241] (13) Radio link failure (RLF)

[0242] RLF may be performed based on the total band-
width supported by multiple RF. Or, RLF may be performed
based only on primary RF. RLF may be performed only
within the bandwidth configured for control resource set. If
multiple control resource sets are configured for one UE, the
resource set where common search space or group common
search space is monitored may be used for RLF measure-
ment. If only partial bandwidth within the control resource
set is used for C/GSS, RLF may be further restricted to such
PRBs where C/GSS candidates can be mapped.

[0243] Different options of each functionality described
above may be configured by the network via higher layer.
Further, different mechanism between single carrier vs mul-
tiple carrier may be considered between DL and UL, respec-
tively. In other words, a UE may support different RF
bandwidth for DL and UL respectively, or even if a UE
supports homogeneous RF bandwidth for DL and UL, the
configuration may be different as the network maintains the
system bandwidth differently between DL and UL.
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[0244] 11. Emission Handling

[0245] When UL transmission is scheduled over multiple
RFs, necessary emissions should be considered. If a UE
performs transmission in the configured RBs, it can have
adjacent channel selectivity (ACS), in-band emission, and
out-of-band emission. This issue may occur in both single
RF with smaller bandwidth than a system bandwidth either
by bandwidth adaptation or by UE capability, and multiple
RF where one scheduling may span more than one RFs.
[0246] (1) Case 1: Small bandwidth transmission

[0247] FIG. 17 shows an example of interference in case
of small bandwidth transmission. Referring to FIG. 17,
different bandwidth may lead high interference from emis-
sion from other UEs, when different UEs are utilizing
different portions of bandwidth within a system bandwidth.
[0248] To address this issue, the following mechanisms
may be considered.

[0249] Based on network scheduling: The network may
not schedule to create guard-band between two UEs. For
example, UE2 may not be scheduled in PRBs where high
interference from UE1 is expected. If RB level or RBG level
indication is supported, scheduling indication may be suf-
ficient. If contiguous resource allocation is used, explicit
data rate matching may be indicated.

[0250] For explicit rate matching, various approaches may
be considered. First, assuming guard-band size of K MHz in
each side of transmission bandwidth, rate matching for
either one or both may be indicated. This mechanism makes
guard-band in the transmitter side by scheduling more RBs
than the required in consideration of guard band. Alterna-
tively, whether to assume implicit guard-band within a
transmission bandwidth may be configured semi-statically.
Instead of dynamic indication of creating guard-band,
another example is to always create guard-band within the
allocated transmission bandwidth. This approach may
unnecessarily lead unused resource even if there is no
adjacent PRB transmission by another UE. Also, if a UE
supports the system bandwidth, this may create additional
unnecessary guard-band. To avoid such a case, system
bandwidth may be mapped over the entire carrier bandwidth
assuming no guard-band for UL transmission, and guard-
band may be implicitly created depending on UE capability.
To successfully receive the data, the network needs to know
guard-band required for a UE. Alternatively, guard-band
may be explicitly indicated by indicating that one or more
RBs are rate matched. By this mechanism, a UE may
perform rate matching on one or more RBs as if they are
reserved resources.

[0251] Guard-bands may be configured per each subband.
Assuming that UL bandwidth is divided into a set of
subbands, guard-bands may be configured per each subband
and a UE may assume no data mapping on those guard-
bands regardless of configured bandwidth. One drawback of
this approach is that depending on the configured band-
width, the required guard-band may be different, and thus,
depending on actual transmission bandwidth, the configured
guard-band may or may not be sufficient.

[0252] Different modulation and coding scheme (MCS)
may be configured in different region by configuring sepa-
rate region with MCS. As data mapped in PRBs which may
be interfered by another UE, one approach is to map data
with lower MCS or higher power. In other words, different
MCS may be configured in different PRBs or different power
may be configured in different PRBs by scheduling.
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[0253] PRACH transmission or PUCCH transmission
should not be affected by guard-band of a UE. One approach
is to configure PRACH, PUCCH resource where any guard-
band is not mapped. For example, if the network divides the
system bandwidth into a set of subbands, and a UE’s RF
bandwidth is one or multiple of subbands, guard-bands may
be created around boundaries of subband. Thus, PRACH
and PUCCH resources may be configured within a subband,
i.e., by not passing through subband boundaries to avoid
impacts from potential guard-band of another UEs. In terms
of PRACH/PUCCH resource configuration, the offset may
be given per each subband. In other words, configuration
may be given in {subband index, offset within a subband}.
If two pairs of resources are necessary for PUCCH to allow
frequency hopping, two sets of {subband index, offset} may
be given, and the offset may be applied from the lowest
frequency for lower subband index, and highest frequency
for higher subband index.

[0254] (2) Case 2: Multiple RFs

[0255] FIG. 18 shows an example of interference in case
of multiple RFs. That is, interference may be caused by
another RF within the same UE if larger bandwidth than the
supported bandwidth by single RF is scheduled.

[0256] To address this issue, the following mechanisms
may be considered.

[0257] A TB may not be mapped over bandwidth more
than one RF’s bandwidth. In other words, to utilize larger
bandwidth than single RF bandwidth, more than one TBs
may be used for the given UE.

[0258] A UE may assume that data is rate matched or
punctured in the needed guard-band. The needed guard-band
may be either specified in the specification or signalled by
the UE. In other words, effective RBs used for transmission
may be restricted excluding the required guard-band. If a UE
changes guard-band dynamically, a UE may indicate the
used guard-band in PUSCH transmission. Alternatively, the
network may indicate the guard-band usable for data trans-
mission.

[0259] As it is difficult to assume or rate matching on
PRACH and PUCCH, PRACH and/or PUCCH may not be
scheduled over multiple RFs simultaneously. It is possible
that PUCCH is transmitted in one RF in one slot whereas in
another slot in another RF to realized frequency hopping. If
PRACH or PUCCH is configured within the subband as
mentioned above, this may be avoided by restricting UE
bandwidth aligned with subband configuration.

[0260] Assuming that subband configuration is given and
a UL bandwidth is configured with one or more subbands, it
is also possible that the center of each subband may be
potential DC carriers without explicit signaling. In such
center, DM-RS may not be mapped. To minimize impact on
DFT-s OFDM transmission, the DC may always be the first
or last subcarrier of each subband.

[0261] Techniques for the single RF case mentioned above
may be applied to multiple RFs case.

[0262] 12. Handling Different Maximum RF Bandwidth
UEs
[0263] If multiple RFs are used and the network employs

wide system bandwidth, the following options may be
considered for UE RF bandwidth.

[0264] (1) UE RF bandwidth may be fixed. For example,
UE RF bandwidth supporting multiple RFs to support wider
bandwidth than the maximum bandwidth of a RF may be
100 MHz.
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[0265] (2) UE RF bandwidth may have more than one
candidate values, e.g. {50 MHz, 100 MHz, 200 MHz}. For
example, depending on UE capabilities, to support 400 MHz
system bandwidth, some UE may require 8 RFs, some UEs
may require 4 RFs and some other UEs may require 2 RFs.
However, RF bandwidth supporting intra-contiguous wide-
band may be common from a UE perspective.

[0266] (3) UE RF bandwidth may have more than one
candidate values e.g. {50 MHz, 100 MHz, 200 MHz}, and
each UE may be equipped with multiple RFs with different
bandwidth supported. For example, a UE may support 50
MHz*2 RF and 100 MHz*1 RF and 200 MHz*1 RF.
[0267] Regardless of which options are considered, for
better management, the candidate RF bandwidth may be
constructed in a nested manner, e.g. {M MHz, M*2 MHz,
M*4 MHz . . . }. The idea is to construct minimum system
bandwidth subband, and support different UE RF bandwidth
by aggregating multiple minimum system bandwidth sub-
bands.

[0268] For handling different RF bandwidth UEs, the
following approaches may be considered.

[0269] (1) All UEs may be treated with equal priority so
that all configuration are based on the minimum UE band-
width. This may be applied to RRM measurement require-
ments, common or group common search space, neighbour
cell measurement, RLF, etc. If this option is used, a UE
supporting larger bandwidth than the minimum bandwidth
may achieve better performance compared to the minimum
bandwidth UEs by reconfiguring RRM measurement band-
width and/or other configurations.

[0270] (2) UEs with different bandwidth may be treated
differently. For example, RRM measurement requirement
may be different based on UE supported bandwidth. For
example, RRM measurement duration or the required dura-
tion to report RRM measurement may be relaxed based on
the supported bandwidth. Overall RRM measurement
requirement may be based on the nominal bandwidth.
[0271] (3) Separate bandwidth or subbands may be allo-
cated and one subband may be allocated to UEs with the
same RF bandwidth only.

[0272] (4) Overlaid structure in which different subbands
are constructed based on possible UE RF bandwidths may
be configured. A UE may be assigned one subband based on
RF bandwidth.

[0273] FIG. 19 shows an example of overlaid structure
according to an embodiment of the present invention. Refer-
ring to FIG. 19, the system bandwidth can be divided into
different bandwidth subbands and each UE may be config-
ured with {bandwidth class, subband index}. Bandwidth
class refers to the bandwidth configured to the UE. For
example, even if a UE supports M MHz bandwidth, to
support bandwidth adaptation of smaller bandwidth, it may
be configured with M/2 or M/4 or M/8, etc. In other words,
bandwidth adaptation may also occur based on the band-
width class or supported bandwidths. Once bandwidth class
is defined, the subband according to the assigned bandwidth
class may be configured, and a UE may expect to receive
control and/or data and/or RRM and/or RLF measurement.
Resource allocation may also be done within that subband.
If dynamic bandwidth adaptation can be achieved, resource
allocation may also include {bandwidth class, subband
index}. To minimize the ambiguity, one approach is to allow
multiple entries which may be mapped to multiple band-
width class and subband indices. For example, if UE band-
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width candidates are M, M/2, M/4, M/8, M/16, M/32, one
value is mapped to M, two values are mapped to M/2, four
values are mapped to M/4, and so on, where total of 64
entries may be mapped to different pairs of bandwidth class
and subband index. Meanwhile, even though the subband
shown in FIG. 19 is constructed in a non-overlapped man-
ner, overlapped subband structure may also be considered in
which the number of subband indices is increased.

[0274] Ifoverlaid structure is used, search space candidate
for CSS/GSS may be constructed so that for M/8 bandwidth
case, P/8 candidates are mapped in each block/subband, and
for M/4 bandwidth case, P/4 candidates are mapped in each
block/subband, and so on. UEs supporting larger bandwidth
may have larger candidates and a UE monitors all or subset
of candidates which may be further configurable. For CSS
and GSS, separate configuration per purpose of search space
may also be considered. CSS may be configured within the
minimum UE RF bandwidth frequency region, and GSS
may be configured separately per each UE RF bandwidth for
load balancing.

[0275] 13. Handling Multiple RF via UE-Perspective CA
[0276] For supporting wider bandwidth than maximum
bandwidth supported by one RF, two approaches may be
considered. One approach is to support one wideband carrier
which can be realized by more than one RFs, and the other
approach is to support multiple narrowband carriers and
each carrier can be realized by multiple RFs. For the latter
approach, further details are described above (10. Single
data subband mapping with multiple RF). Here, the former
approach is mainly focused on, in which a UE may be
configured with multiple carriers and each carrier corre-
sponds to one RF. UE-carrier based approach may be more
efficient at least if a UE may operate with different numer-
ology in each RF component.

[0277] In terms of carrier, the followings may be defined.
[0278] Though it may be configured to receive one TB
over multiple carrier, as a baseline, a UE may expect that one
TB is mapped within one carrier. If multiple carriers are
configured, a UE may expect to receive multiple TBs via
multiple RFs.

[0279] Separate HARQ process may be performed in each
carrier. The soft buffer may be divided over multiple HARQ
processes across multiple RFs.

[0280] At least one control resource set may be expected
per carrier, and a UE may be configured with cross-carrier
scheduling from one control resource set to schedule another
carrier. Cross-carrier scheduling may be configured per each
control resource set. In other words, even though a UE is
configured with cross-carrier scheduling, depending on con-
trol resource set, cross-carrier scheduling and self-carrier
scheduling may coexist, and cross-carrier scheduling may be
supported by subset of control resource sets. Also, search
space candidates may be restricted within control resource
set for cross-carrier scheduling.

[0281] CSI feedback (and other feedback) may be reported
per each carrier. Particularly, when wideband CQI is per-
formed, independent wideband CQI may be performed
within a carrier. Multiple wideband CQI may be transmitted
when there are multiple RFs supporting multiple narrow-
band.

[0282] From UE perspective, single numerology may be
assumed per carrier at least for data transmission. Different
numerology may be used for control and other signals, such
as synchronization signals.
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[0283] To support the above description, the following
approaches may be considered.

[0284] The network may configure multiple carriers and
each carrier bandwidth may be equal to or smaller than the
UE maximum RF bandwidth. To minimize the overhead,
one or more carriers (contiguous intra-band carriers) may
omit synchronization signals, PBCH, and RRM measure-
ment RS, SIB, etc. Though synchronization signals/PBCH/
SIB may not be transmitted periodically to support associa-
tion as stand-alone cell, it may be possible to transmit
synchronization signals/PBCH/SIB (all or partial) to assist
UE tracking and system information update. For PBCH
and/or SIB transmission, a UE may retune to anchor sub-
band where synchronization signals/PBCH are transmitted,
regardless of monitoring frequency band. During acquiring
synchronization signals/PBCH, a UE may skip receiving
data or the UE receives/transmits control/data in the anchor
subband while the UE is on the anchor subband. It may also
be configured as a measurement gap to read synchronization
signals and/or PBCH of the serving cell as well. Alterna-
tively, if a UE monitors frequency band including anchor
subband, the UE may acquire system information in the
anchor subband. Otherwise, a UE may request update of the
system information based on system update indication.
Upon receiving the request, the network may transmit peri-
odic or aperiodic or UE-specific or group-specific PBCH
and/or SIB. This approach does not require a UE to retune
for PBCH/SIB acquisition. Alternatively, the network may
transmit PBCH/SIB in each subband upon SIB update so
that all UEs can acquire PBCH/SIB without changing fre-
quency location or separate operation.

[0285] A UE may be aggregated with one or multiple
carriers, similar to current LTE CA.

[0286] Depending on UE bandwidth, within the same
bandwidth or a set of PRBs, some UEs may be supported by
single RF/single carrier whereas some UEs may be sup-
ported by multiple RFs/multiple carriers. In this case, single
or multiple carriers may be configured to each UE from UE
perspective. For a UE with multiple RF, it is handled as if
multiple UEs with single RF is supported from the network
perspective.

[0287] 14. RRM Handling in Wideband

[0288] When a UE is configured with UE-specific band-
width, handling of RRM measurement may follow one or
more of the following options.

[0289] (1) Option 1

[0290] FIG. 20 shows an example of option 1 for RRM
handling in wideband according to an embodiment of the
present invention. According to option 1, measurement
bandwidth follows UE-specific bandwidth and measurement
bandwidth may be smaller or equal to UE-specific band-
width. If measurement bandwidth is configured larger than
UE-specific bandwidth, a UE may not be required to monitor
or measure outside of its configured bandwidth. For option
1, the followings may be considered.

[0291] To support wideband RRM or RRM outside of its
currently configured UE-specific bandwidth, one option is to
configure multiple RRM configurations or separate RRM
configuration per UE-specific bandwidth.

[0292] Foreach RRM configuration, periodicity and band-
width of RRM measurement may be configured. Following
periodicity configuration, a UE may switch its UE-specific
bandwidth. Necessary frequency retuning gap may be added
whenever frequency retuning occurs.
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[0293] One of drawback of this option is to utilize second
RF for measurement outside of configured UE-specific
bandwidth. To measure different bandwidth, separate UE-
specific bandwidth for second RF may be necessary. Alter-
natively, this may be applied only within a RF. If a UE
indicates additional RF or a UE is equipped with additional
RF, RF measurement on different frequency/RRM band-
width may be possible. To support this, the network may
configure a list of frequency where SS block is transmitted
and/or RRM-RS is transmitted. Alternatively, a list of fre-
quency, bandwidth for RRM measurements may be config-
ured to a UE if the network knows that the UE is equipped
with additional RF.

[0294] When this option is used, measurement may occur
on the same frequency range where control and data are also
received. Whenever a UE switches its frequency, its control
resource set configuration and resource allocation may be
changed as well.

[0295] For L3-filter, separate RRM filter per UE-specific
may be used, and different RRM results (as if they are
multiple carriers) may be maintained. To determine whether
to trigger any handover procedure, or inform the network,
average value or best value or worst across multiple con-
figurations may be selected. In this case, the selected value
between neighbor cell and serving cell may be used for
determining events/reports. Alternatively, when comparing
results between serving cell and neighbor cell, the values
from the same configuration may be used. To trigger event,
it may follow either event is triggered at least one configu-
ration triggers event or all configurations trigger the event.
For example, if only one configuration shows that neighbor
cell’s quality is much better than that of serving cell,
following the first approach, a UE may report its event. But
following the second approach, a UE may not report its
event.

[0296] (2) Option 2

[0297] FIG. 21 shows an example of option 2 for RRM
handling in wideband according to an embodiment of the
present invention. According to option 2, a list of measure-
ment bandwidth, frequency may be configured indepen-
dently from UE-specific bandwidth. Whether a UE needs a
measurement gap for such measurement or not may be
informed to the network so that the network can configure
necessary measurement gap. If RRM measurement does not
require retuning, measurement gap may be omitted. Depend-
ing on BWP configuration, necessary gap may be created by
the UE by not receiving/transmitting some control/data
during the gap.

[0298] (3) Option 3

[0299] FIG. 22 shows an example of option 3 for RRM
handling in wideband according to an embodiment of the
present invention. According to option 3, a configuration of
measurement RS, such as CSI-RS, may be configured larger
than UE-specific bandwidth. The measurement may be done
within UE-specific bandwidth based on bandwidth adapta-
tion. However, measurement bandwidth may not exceed UE
RF bandwidth. Additional measurement utilizing second RF
may also be performed based on information on the list of
SS block or a list of RRM frequency, bandwidth. In terms of
RRM measurement, [.3-filter may be shared among different
bandwidth. In other words, RRM result may be averaged
regardless of actual bandwidth of measurement. Alterna-
tively, it may be notified to higher layer to reset RRM
measurement results whenever bandwidth is changed. When
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this option is used, measurement on the same frequency
location regardless of BWP change may be accumulated.
[0300] (4) Option 4: RRM measurement may occur on the
smallest UE-specific bandwidth which may not be changed
regardless of actual bandwidth adaptation.

[0301] RRM measurement on neighbor cell may be same
as serving cell. Or, RRM measurement on neighbor cell may
be separate from serving cell.

[0302] Meanwhile, when a UE changes its bandwidth, the
following two approaches may be considered for RRM
bandwidth.

[0303] (1) Independent configuration from BWP: Mea-
surement bandwidth may be configured which is smaller or
equal to UE RF bandwidth. If this approach is used, when-
ever a UE needs to perform measurement and the bandwidth
may be larger than its currently configured BWP, the UE
may change its RF bandwidth. When measurement is con-
figured, periodicity and bandwidth of measurement RS may
be configured.

[0304] (2) Dependent configuration on BWP: RRM mea-
surement may be done within UE-configured frequency
range (BWP) at a given time. Whenever a UE-configured
frequency range changes, RRM measurement at [3-filter
may be reset (if the measurement bandwidth or location is
changed).

[0305] FIG. 23 shows an example of different RRM band-
width options according to an embodiment of the present
invention. FIG. 23-(a) shows an independent configuration
from BWP, and FIG. 23-(4) shows a dependent configura-
tion on BWP. Meanwhile, further considerations including
RRM requirements may be considered to select between two
category options.

[0306] When a UE is equipped with multiple RFs, before
configuring additional UE-specific carrier, a UE may need to
perform RRM measurement on frequency range outside of
its currently active bandwidth within a NR carrier band-
width. The potential benefit of RRM measurement on dif-
ferent frequency range in a NR carrier is that due to different
interference level, a UE can search better frequency range
among multiple candidates. For this, a UE may be config-
ured with measurement configurations outside of its active
bandwidth. Generally, this may also be supported for nar-
rowband UEs with single RF, which may be done via
measurement gap configuration or bandwidth adaptation.
[0307] 15. CSI Handling in Wideband

[0308] In CSI feedback, at least wideband and subband
CSI feedback may be considered. In terms of frequency
bandwidth and location for wideband CSI, similar options to
RRM handling may be considered.

[0309] (1) Option 1: Separate frequency and bandwidth
information may be configured for wideband CSI feedback
per UE-specific bandwidth. In terms of wideband CSI,
average across CSI measurement based on the same UE-
specific bandwidth or the same configuration may be
assumed.

[0310] (2) Option 2: Wideband CSI bandwidth may be
configured which may require some gap to perform mea-
surement.

[0311] (3) Option 3: Wideband CSI may always be mea-
sured within UE-specific bandwidth. Wideband CSI results
may be reset whenever a UE changes its bandwidth. Further,
wideband CSI results may be averaged regardless of actual
bandwidth.
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[0312] For subband CSI, the following two approaches
may be considered. One approach is to follow UE-specific
bandwidth as a whole, then divide subband based on UE-
specific bandwidth. The other approach is to follow system
bandwidth as a whole, then divide subband based on system
bandwidth.

[0313] If Option 1 is used and multiple CSI configurations
are possible including potentially different bandwidth and
frequency location, aperiodic CSI trigger may trigger one of
CSI configurations. When aperiodic CSl is triggered outside
of its current UE-specific bandwidth, a UE may adapt its
bandwidth before CSI measurement. When Option 3 is used,
CSI measurement may follow UE-specific bandwidth.
[0314] Similar to RRM measurement bandwidth, some
clarification on wideband CSI feedback may be necessary.
As the periodicity of CSI measurement is generally shorter
than RRM measurement, it may not be efficient to configure
separate configuration for wideband CSI feedback indepen-
dent from BWP. As wideband CSI is mainly for data
scheduling, it is generally desirable to align wideband CSI
feedback bandwidth with the configured BWP. In other
words, bandwidth of wideband CSI may be defined same as
the UE BWP for UE-specific data. When UE BWP is
changed, wideband CSI measurements may be reset. For
subband CSI, it may be defined within its configured BWP.
[0315] For aperiodic CSI report or one-shot CSI report, to
allow possible frequency retuning to better frequency for
frequency selective scheduling, frequency location of CSI
measurement may be indicated. If this is configured, nec-
essary frequency retuning gap should be supported.

[0316] When BWP changes, for CSI measurement, if the
measurement is accumulated per subband, this requires ‘no’
change or ‘nested’ structure of subband change so that
previous measurement on a subband can be used for another
subband in changed BWP.

[0317] It is also noted that similar approach to RRM or
CSI may also be applied to radio link management (RLM)
measurement. For example, RLM measurement may be
performed within the configured data subband or control
subband and average may be applied across different data or
control subbands.

[0318] FIG. 24 shows a method for configuring a data
subband by a UE according to an embodiment of the present
invention. The present described above may be applied to
this embodiment.

[0319] In step S100, the UE receives an indication of a
data subband from a network. In step S110, the UE config-
ures at least one data subband according to the indication. In
step S120, the UE performs communication with the net-
work via the at least one data subband. One data subband
consists of contiguous or non-contiguous PRBs.

[0320] At least one of a numerology used for data trans-
mission, a slot length, a mini-slot length, a RAT or a
maximum TBS may be defined per data subband. The at
least one data subband may be configured in a UE-specific
carrier. The UE-specific carrier may be configured per RF.
The at least one data subband may be configured across
multiple UE-specific carriers. The data subband may include
a common data subband for a common data. At most one
common data subband may be configured for the common
data.

[0321] The at least one data subband may be scheduled by
a control subband. At least one of a numerology used for
control transmission, a monitoring interval or REG/CCE
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index within the control subband may be defined per control
subband. The control subband may be configured in an
anchor subband.

[0322] A number of PRBs within a UE supported band-
width may be used for resource allocation of the at least one
data subband. Or, a maximum number of PRBs configured
to the data subband may be used for resource allocation of
the at least one data subband.

[0323] The UE may further perform RRM measurement
on one or multiple subbands when the network configures
one wideband carrier. In this case each subband may carry
a S8 block. Or, only anchor subband may carry a SS block.
Alternatively, the UE may perform RRM measurement on
one or multiple carriers when the network configures mul-
tiple narrowband carriers.

[0324] FIG. 25 shows a wireless communication system to
implement an embodiment of the present invention.

[0325] A network node 800 includes a processor 810, a
memory 820 and a transceiver 830. The processor 810 may
be configured to implement proposed functions, procedures
and/or methods described in this description. Layers of the
radio interface protocol may be implemented in the proces-
sor 810. The memory 820 is operatively coupled with the
processor 810 and stores a variety of information to operate
the processor 810. The transceiver 830 is operatively
coupled with the processor 810, and transmits and/or
receives a radio signal.

[0326] A UE 900 includes a processor 910, a memory 920
and a transceiver 930. The processor 910 may be configured
to implement proposed functions, procedures and/or meth-
ods described in this description. Layers of the radio inter-
face protocol may be implemented in the processor 910. The
memory 920 is operatively coupled with the processor 910
and stores a variety of information to operate the processor
910. The transceiver 930 is operatively coupled with the
processor 910, and transmits and/or receives a radio signal.
[0327] The processors 810, 910 may include application-
specific integrated circuit (ASIC), other chipset, logic circuit
and/or data processing device. The memories 820, 920 may
include read-only memory (ROM), random access memory
(RAM), flash memory, memory card, storage medium and/
or other storage device. The transceivers 830, 930 may
include baseband circuitry to process radio frequency sig-
nals. When the embodiments are implemented in software,
the techniques described herein can be implemented with
modules (e.g., procedures, functions, and so on) that per-
form the functions described herein. The modules can be
stored in memories 820, 920 and executed by processors
810, 910. The memories 820, 920 can be implemented
within the processors 810, 910 or external to the processors
810, 910 in which case those can be communicatively
coupled to the processors 810, 910 via various means as is
known in the art.

[0328] In view of the exemplary systems described herein,
methodologies that may be implemented in accordance with
the disclosed subject matter have been described with ref-
erence to several flow diagrams. While for purposed of
simplicity, the methodologies are shown and described as a
series of steps or blocks, it is to be understood and appre-
ciated that the claimed subject matter is not limited by the
order of the steps or blocks, as some steps may occur in
different orders or concurrently with other steps from what
is depicted and described herein. Moreover, one skilled in
the art would understand that the steps illustrated in the flow
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diagram are not exclusive and other steps may be included
or one or more of the steps in the example flow diagram may
be deleted without affecting the scope of the present disclo-
sure.

1. A method for configuring a data subband by a user
equipment (UE) in a wireless communication system, the
method comprising:

receiving a configuration of a plurality of data subbands

from a network;

receiving a first scheduling downlink control information

(DCI) including information on a first data subband
among the plurality of data subbands;

activating the first data subband;

receiving a second scheduling DCI including information

on a second data subband among the plurality of data
subbands;

performing a bandwidth adaptation from the first data

subband to the second data subband; and

activating the second data subband,

wherein one data subband consists of contiguous or

non-contiguous physical resource blocks (PRBs).

2. The method of claim 1, wherein at least one of a
numerology used for data transmission, a slot length, a
mini-slot length, a radio access technology (RAT) or a
maximum transport block size (IBS) is defined per data
subband among the plurality of data subbands.

3. The method of claim 1, wherein at least one of the first
data subband or the second data subband is configured in a
UE-specific carrier.

4. The method of claim 3, wherein the UE-specific carrier
is configured per radio frequency (RF).

5. The method of claim 1, wherein at least one of the first
data subband or the second data subband is configured
across multiple UE-specific carriers.

6. The method of claim 1, wherein at least one of the first
data subband or the second data subband includes a common
data subband for a common data.

7. The method of claim 6, wherein at most one common
data subband is configured for the common data.

8. The method of claim 1, wherein at least one of the first
data subband or the second data subband is scheduled by a
control subband.
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9. The method of claim 8, wherein at least one of a
numerology used for control transmission, a monitoring
interval or a resource element group (REG) or control
channel element (CCE) index within the control subband is
defined per control subband.

10. The method of claim 8, wherein the control subband
is configured in an anchor subband.

11. The method of claim 1, further comprising performing
channel state information (CSI) measurement within at least
one the first data subband or the second data subband.

12. The method of claim 1, further comprising transmit-
ting a sounding reference signal (SRS) within at least one the
first data subband or the second data subband.

13. The method of claim 1, further comprising performing
measurement on a frequency which is configured indepen-
dently from the first data subband and the second data
subband.

14. The method of claim 13, wherein the frequency carries
a synchronization signal (SS) block.

15. (canceled)

16. (canceled)

17. A user equipment (UE) in a wireless communication
system, the UE comprising:

a memory;

a transceiver; and

a processor, operably coupled to the memory and the

transceiver, that:

controls the transceiver to receive a configuration of a
plurality of data subbands from a network,

controls the transceiver to receive a first scheduling
downlink control information (DCI) including infor-
mation on a first data subband among the plurality of
data subbands,

activates the first data subband,

controls the transceiver to receive a second scheduling
DCI including information on a second data subband
among the plurality of data subbands,

performs a bandwidth adaptation from the first data
subband to the second data subband, and

activates the second data subband,

wherein one data subband consists of contiguous or

non-contiguous physical resource blocks (PRBs).

#* #* #* #* #*
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