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Description
Title of Invention: METHOD AND APPARATUS FOR

TRANSMITTING AND RECEIVING DATA IN MOBILE COM-
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MUNICATION SYSTEM
Technical Field

The disclosure relates to a mobile communication system. More particularly, the
disclosure relates to a cell reselection method of a terminal.

In addition, the disclosure relates to cell measurement and mobility management op-
erations using signals transmitted by means of beamforming in a beamforming based
system.

In addition, the disclosure relates to a method for transmitting a reference signal for a
terminal in a radio resource control (RRC) connected state.

In addition, the disclosure relates to a method for switching a bandwidth of a
terminal in a mobile communication system.

Background Art

To meet the demand for wireless data traffic having increased since deployment of
fourth generation (4G) communication systems, efforts have been made to develop an
improved fifth generation (5G) or pre-5G communication system. Therefore, the 5G or
pre-5G communication system is also called a ‘Beyond 4G Network’ or a ‘Post long
term evolution (LTE) System’. The 5G communication system is considered to be im-
plemented in higher frequency millimeter wave (mmWave) bands, e.g., 60GHz bands,
so as to accomplish higher data rates. To decrease propagation loss of the radio waves
and increase the transmission distance, the beamforming, massive multiple-input
multiple-output (MIMO), full dimensional MIMO (FD-MIMO), array antenna, an
analog beam forming, large scale antenna techniques are discussed in 5G commu-
nication systems. In addition, in 5G communication systems, development for system
network improvement is under way based on advanced small cells, cloud radio access
networks (RANSs), ultra-dense networks, device-to-device (D2D) communication,
wireless backhaul, moving network, cooperative communication, coordinated multi-
points (CoMP), reception-end interference cancellation and the like. In the 5G system,
hybrid frequency shift key (FSK) and quadrature amplitude modulation (QAM)
(FQAM) and sliding window superposition coding (SWSC) as an advanced coding
modulation (ACM), and filter bank multi carrier (FBMC), non-orthogonal multiple
access (NOMA), and sparse code multiple access (SCMA) as an advanced access
technology have been developed.

The Internet, which is a human centered connectivity network where humans
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generate and consume information, is now evolving to the Internet of things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of everything (IoE), which is a combination of the
IoT technology and the Big Data processing technology through connection with a
cloud server, has emerged. As technology elements, such as “sensing technology”,
“wired/wireless communication and network infrastructure”, “service interface
technology”, and “Security technology” have been demanded for IoT implementation,
a sensor network, a machine-to-machine (M2M) communication, machine type com-
munication (MTC), and so forth have been recently researched. Such an IoT en-
vironment may provide intelligent Internet technology services that create a new value
to human life by collecting and analyzing data generated among connected things. IoT
may be applied to a variety of fields including smart home, smart building, smart city,
smart car or connected cars, smart grid, health care, smart appliances and advanced
medical services through convergence and combination between existing information

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

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

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

disclosure.
Disclosure of Invention

Technical Problem
The present invention has been made to address at least the problems and/or disad-

vantages and to provide at least the advantages described below.

Solution to Problem

Aspects of the disclosure are to address at least the above-mentioned problems and/or
disadvantages and to provide at least the advantages described below. Accordingly, an
aspect of the disclosure is to provide a method for preferentially reselecting a specific
cell by a terminal, thereby enabling quick data transmission and reception of a terminal
and preventing an increase in signaling overhead occurring in a data transmission/
reception preparation procedure.

Another aspect of the disclosure is to provide a system, method and apparatus for
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performing cell measurement and mobility management operations using signals
transmitted by means of beamforming in a beamforming based system including one or

more base stations (BS) and one or more terminals.
Another aspect of the disclosure to provide a method and apparatus for transmitting a

reference signal for a terminal in an radio resource control (RRC) connected state.

Another aspect of the disclosure is to provide a procedure of receiving a base station
signal in a limited band by considering power consumption of a terminal in a single
carrier and also provide a method for a base station and a terminal to utilize the entire
system band flexibly and dynamically. Also, the disclosure provides a method and a
procedure for a terminal to save power in such a flexible bandwidth system.

In accordance with an aspect of the disclosure, a method of a terminal in a wireless
communication system is provided. The method includes receiving first scheduling in-
formation for a first frequency band from a base station, switching a bandwidth to the
first frequency band according to the first scheduling information, starting a timer for
the first frequency band, and switching the bandwidth to a second frequency band
when the timer expires.

In accordance with another aspect of the disclosure, a method of a base station in a
wireless communication system is provided. The method includes transmitting first
scheduling information for a first frequency band to a terminal, switching a bandwidth
to the first frequency band according to the first scheduling information, starting a
timer for the first frequency band, and switching the bandwidth to a second frequency
band when the timer expires.

In accordance with another aspect of the disclosure, a terminal in a wireless commu-
nication system is provided. The terminal includes a transceiver and a controller
configured to receive first scheduling information for a first frequency band from a
base station, switch a bandwidth to the first frequency band according to the first
scheduling information, start a timer for the first frequency band, and switch the
bandwidth to a second frequency band when the timer expires.

In accordance with another aspect of the disclosure, a base station in a wireless com-
munication system is provided. The base station includes a transceiver and a controller
configured to transmit first scheduling information for a first frequency band to a
terminal, switch a bandwidth to the first frequency band according to the first
scheduling information, start a timer for the first frequency band, and switch the

bandwidth to a second frequency band when the timer expires.
Advantageous Effects of Invention

In accordance with another aspect of the disclosure, a terminal may reselect a

specific cell capable of fast data transmission/reception, thereby preventing an increase
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in signaling overhead that may occur in a data transmission/reception preparation

procedure.
In accordance with another aspect of the disclosure, each base station may transmit

two or more reference signals, generated by different signal generation rules, by using
two or more beams having different beam areas, coverages, transmission periods, and
the like.

In accordance with another aspect of the disclosure, a base station may determine a
beam to be used for data transmission by transmitting a reference signal for a terminal
in an RRC connection state, and use the determined beam for data transmission/
reception.

In accordance with another aspect of the disclosure, a base station may control a
plurality of terminals using various sizes of bands to use resources evenly in the
operating band of the system. In addition, the base station allows the terminal to
perform scheduling, modulation and coding scheme (MCS), channel state indication
(CSI) reporting, measurement, and the like within a configured partial band, thereby
minimizing a reduction of scheduling and handover performance in the entire band.
Also, if a connection problem occurs in such a partial band, the terminal may recover it
within a short delay.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the disclosure.
Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
disclosure will be more apparent from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a situation in which a user equipment (UE) moves in
a radio access network (RAN) area after transitioning from a connected mode to an
inactive mode according to an embodiment of the disclosure;

FIG. 2 is a diagram illustrating the operation of an inactive mode UE that receives
downlink (DL) data from a g node B (gNB) having a valid cell radio network
temporary identifier (C-RNTI) according to an embodiment of the disclosure;

FIG. 3 is a diagram illustrating the operation of an inactive mode UE that receives
DL data from all gNBs in a RAN area through an area cell radio network temporary
identifier (A-RNTI) according to an embodiment of the disclosure;

FIG. 4 is a diagram illustrating the operation of an inactive mode UE that receives a
paging signal from all gNBs in a RAN area through an A-RNTI, performs a 2-step

random access channel (RACH), and receives DL data from a gNB receiving an
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RACH preamble through an A-RNTT according to an embodiment of the disclosure;

FIG. 5 is a diagram illustrating the operation of an inactive mode UE that receives a
paging signal from all gNBs in a RAN area through an A-RNTI, performs a 4-step
RACH, and receives DL data from a gNB receiving an RACH preamble through an A-
RNTT according to an embodiment of the disclosure;

FIG. 6 is a diagram illustrating a difference between a gNB having a valid C-RNTI
and a gNB having no valid C-RNTTI in cell reselection of an inactive mode UE
according to an embodiment of the disclosure;

FIG. 7 is a diagram illustrating a cell reselection operation in a situation where an
inactive mode UE moves from a gNB having a valid C-RNTI to a gNB having no valid
C-RNTT according to an embodiment of the disclosure;

FIG. 8 is a diagram illustrating a cell reselection operation in a situation where an
inactive mode UE moves from a gNB having no valid C-RNTI to a gNB having a valid
C-RNTT according to an embodiment of the disclosure;

FIG. 9 is a diagram illustrating a cell reselection operation in a situation where an
inactive mode UE moves from a gNB having no valid C-RNTI to another gNB having
no valid C-RNTT according to an embodiment of the disclosure;

FIG. 10 is a diagram illustrating a cell reselection operation in a situation where an
inactive mode UE moves from a gNB having a valid C-RNTI to another gNB having a
valid C-RNTT according to an embodiment of the disclosure;

FIG. 11 is a diagram illustrating that different types of reference signals having the
same period are transmitted through different frequency bands according to an em-
bodiment of the disclosure;

FIG. 12 is a diagram illustrating that different types of reference signals having the
same period are transmitted through the same frequency band according to an em-
bodiment of the disclosure;

FIG. 13 is a diagram illustrating that different types of reference signals having
different periods are transmitted through the same frequency band according to an em-
bodiment of the disclosure;

FIG. 14 is a diagram illustrating a method for a terminal to calculate a measured
value of a cell which transmits different reference signals according to an embodiment
of the disclosure;

FIG. 15 is a diagram illustrating a method for classifying measured signals into
reference signals of the same type and calculating a cell representative value by using
measured values according to an embodiment of the disclosure;

FIG. 16 is a diagram illustrating a method for calculating a cell representative value
by using all measured reference signals according to an embodiment of the disclosure;

FIG. 17 is a diagram illustrating a method for calculating a cell representative value
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according to an embodiment of the disclosure;

FIGS. 18 and 19 show examples of a signal transmitted to a terminal by a base
station and utilized to calculate a cell measured value according to an embodiment of
the disclosure;

FIG. 20 is a diagram illustrating an example of a signal including weights transmitted
to a terminal by a base station according to an embodiment of the disclosure;

FIG. 21 is a diagram illustrating a method for a terminal to calculate a cell repre-
sentative value for each reference signal (RS) from different RSs through a separate
procedure according to an embodiment of the disclosure;

FIG. 22 is a diagram illustrating a method for controlling a change of mobility by
using different types of reference signals according to an embodiment of the
disclosure;

FIG. 23 shows a method for calculating representative values for respective RSs
through separate procedures for different types of RSs and then determining one cell
representative value by using the above representative values according to an em-
bodiment of the disclosure;

FIG. 24 shows a method for multiplying each beam measurement signal by the same
weight with respect to the same type of RSs and then determining a cell representative
value according to an embodiment of the disclosure;

FIG. 25 shows a method for selecting a specific number of beam measurement
signals with respect to different types of RSs, multiplying a representative value for
each RS by a weight, and thereby deriving a cell representative value according to an
embodiment of the disclosure;

FIG. 26 shows a method for selecting a specific number of beam measurement
signals with respect to different types of RSs, calculating a representative value for
each RS type by multiplying each selected beam measurement signal by a weight, and
deriving a cell representative value by multiplying the representative value for each RS
type by a weight according to an embodiment of the disclosure;

FIG. 27 shows another method for selecting a different number of beam mea-
surement signals with respect to different types of RSs and then deriving a cell repre-
sentative value by multiplying the selected signals by different weights according to an
embodiment of the disclosure;

FIG. 28 is a diagram illustrating a method for deriving a cell representative value by
multiplying all beam measurement signals by different weights with respect to
different types of RSs according to an embodiment of the disclosure;

FIG. 29 is a diagram illustrating a method for controlling a mobility change by using
different types of reference signals according to an embodiment of the disclosure;

FIG. 30 is a diagram illustrating a terminal according to an embodiment of the
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disclosure;

FIG. 31 is a diagram illustrating a base station according to an embodiment of the
disclosure;

FIG. 32 is a flow diagram illustrating an initial access operation according to an em-
bodiment of the disclosure;

FIG. 33 is a flow diagram illustrating a handover operation according to an em-
bodiment of the disclosure;

FIG. 34 is a flow diagram illustrating an operation according to an embodiment of
the disclosure;

FIGS. 35 to 41 are flow diagrams illustrating various methods for determining a
beam to be used for data transmission and reception in a handover process according to
embodiments of the disclosure;

FIG. 42 is a flow diagram illustrating a random access operation according to an em-
bodiment of the disclosure;

FIGS. 43 to 47 are flow diagrams illustrating various methods for determining a
beam to be used for data transmission and reception in a random access process
according to various embodiments of the disclosure;

FIG. 48 is a diagram illustrating a long term evolution (LTE) scalable bandwidth
(BW) system according to an embodiment of the disclosure;

FIG. 49 is a diagram illustrating features of a fifth generation (5G) new radio (NR)
flexible BW system according to an embodiment of the disclosure;

FIG. 50 is a diagram illustrating various band division schemes in a 5G NR flexible
BW system according to an embodiment of the disclosure;

FIG. 51 is a diagram illustrating a self/cross-band scheduling operation according to
an embodiment of the disclosure;

FIGS. 52 to 54 are diagrams illustrating examples of BW expansion and reduction
operation by a physical layer control signal according to various embodiments of the
disclosure;

FIGS. 55 to 58 are diagrams illustrating examples of BW expansion and reduction
operation by physical layer and radio resource control (RRC) control signals according
to various embodiments of the disclosure;

FIGS. 59 and 60 are diagrams illustrating examples of connected mode discontinuous
reception (C-DRX) operation for adaptive BW according to various embodiments of
the disclosure;

FIG. 61 is a diagram illustrating an example of discontinuous reception (DRX) setup
for a wide band and a narrow band according to an embodiment of the disclosure;

FIGS. 62 and 63 are diagrams illustrating examples of DRX setup and a priority rule

for a wide band and a narrow band according to various embodiments of the
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disclosure;
FIG. 64 is a flow diagram illustrating an operation of a terminal according to an em-

bodiment of the disclosure;

FIG. 65 shows a DRX operation for a transmit time interval (TTI) change according
to an embodiment of the disclosure;

FIG. 66 is a diagram illustrating an example of determining a TTI value based on to a
control channel monitoring periodicity and a transmission duration according to an em-
bodiment of the disclosure;

FIGS. 67 to 71 are diagrams illustrating a timer-based band switching operation
according to various embodiments of the disclosure;

FIG. 72 is a diagram illustrating a configuration of a terminal according to an em-
bodiment of the disclosure; and

FIG. 73 is a diagram illustrating a configuration of a base station according to an em-
bodiment of the disclosure.

Throughout the drawings, it should be noted that like reference numbers are used to
depict the same or similar elements, features, and structures.

Mode for the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes various specific details to assist
in that understanding but these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill in the art will recognize that various changes and modifications
of the various embodiments described herein can be made without departing from the
scope and spirit of the disclosure. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the disclosure. Accordingly, it should be apparent to those
skilled in the art that the following description of various embodiments of the
disclosure is provided for illustration purpose only and not for the purpose of limiting
the disclosure as defined by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

The advantages and features of the disclosure and the manner of achieving them will
become apparent through embodiments described in detail below with reference to the

accompanying drawings. The disclosure may, however, be embodied in many different
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forms and should not be construed as limited to embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be thorough and complete,
and will fully convey the scope of the disclosure to those skilled in the art. The
disclosure is only defined by the scope of claims. Like reference numerals refer to like
elements throughout this disclosure.

<First Embodiment>

In a new radio (NR), which is currently being discussed in third generation
partnership project (3GPP), the introduction of an inactive mode in addition to a
connected mode and an idle mode defined in long term evolution (LTE) has been
decided. The features and requirements of the inactive mode are as follows.

- Signaling and resource usage in the radio access network (RAN) and the core
network (CN) should be minimized.

- Time required up to data transmission in the inactive mode should be minimized.
Here, the data transmission may be performed while the user equipment (UE)
maintains the inactive mode or is in the connected mode.

- Paging by the RAN as well as the existing paging by the CN of LTE should be
supported.

- A RAN-based notification area (hereinafter, a RAN area) is defined. In the RAN
area, the UE moves without location update. The g Node Bs (gNBs) in the RAN area
maintain the access stratum (AS) context of the UE.

According to the above requirements, the inactive mode UE should be able to
perform operations for fast data transmission/reception. One of them is a cell res-
election. Basically, as in the above requirements, the inactive mode UE moves within
the RAN area without location update. However, if the inactive mode UE performs a
cell reselection through the same operation as the idle mode UE in the existing LTE, it
may be unsuitable in view of fast data transmission/reception.

FIG. 1 is a diagram illustrating a situation in which a UE moves in a RAN area after
transitioning to an inactive mode according to an embodiment of the disclosure.

Referring to FIG. 1, an environment of the disclosure is illustrated. In this en-
vironment or situation shown in FIG. 1, a RAN notification area is formed of a
plurality of gNBs which are classified into a gNB 110 having a cell radio network
temporary identifier (C-RNTI) valid for the inactive mode UE and a gNB 120 having
no valid C-RNTI. The inactive mode UE is moving freely within the RAN notification
area.

In a situation of FIG. 1, the UE which has been connected to the gNB 110 having the
C-RNTIT transitions from the connected mode to the inactive mode and then moves
freely in the RAN area.

In FIG. 1, the gNB 110 which has provided lastly a service to the UE maintains the
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C-RNTT used by the UE according to the definition of the inactive mode in which the
AS context of the UE is maintained. Therefore, if the inactive mode UE transmits and
receives data to and from the gNB 110, it is not necessary to reconfigure the C-RNTL

On the other hand, the gNB 120 has no C-RNTT of the inactive mode UE even
though the gNB 120 belongs to the RAN area of the UE. Therefore, when the inactive
mode UE communicates with the gNB 120, not the gNB 110 having the C-RNTT of the
UE, while moving in the RAN area, the gNB 120 needs a procedure of allocating the
C-RNTT to the UE. This may increase a delay in data transmission and reception of the
inactive mode UE.

In 3GPP, the introduction of a separate radio network temporary identifier (RNTI)
for data transmission/reception of the inactive mode UE is being discussed. In the
disclosure, this is referred to as an area RNTI (A-RNTI). The A-RNTI is an identifier
designed to allow all UEs in the RAN area to be uniquely assigned. Since the RAN
area includes a plurality of cells, the A-RNTI has a greater overhead than the C-RNTI
designed to allow the UEs in the cell to be uniquely assigned.

FIGS. 2 to 5 below illustrate the operation of the inactive mode UE that receives DL
data from the gNB in the RAN area according to an embodiment of the disclosure.

FIG. 2 is a diagram illustrating the operation of the inactive mode UE that receives
downlink (DL) data from the gNB having a valid C-RNTTI according to an embodiment
of the disclosure.

Referring to FIG. 2, since the gNB has the C-RNTI, the gNB may transmit data by
using the C-RNTT at operation S210.

FIGS. 3 to 5 are diagrams illustrating the operation of the inactive mode UE that
receives DL data from the gNB that does not maintain the C-RNTT in the RAN area
according to an embodiment of the disclosure.

Referring to FIG. 3, FIG. 3 shows that all gNBs belonging to the RAN area transmit
DL data to the inactive mode UE by using the A-RNTT at operation S310. Since the
UE is actually adjacent to one gNB in most cases, it is inefficient utilization of
resources that all gNBs in the RAN area transmit DL data by using the unique A-
RNTL

FIGS. 4 and 5 are diagrams illustrating the operation of the inactive mode UE that
identifies an adjacent gNB by performing a 2-step or 4-step random access channel
(RACH) and receives DL data from the adjacent gNB according to an embodiment of
the disclosure.

First, all gNBs belonging to the RAN area perform paging by using the A-RNTI of
the UE at operation S410 or S510. Then, the UE responding to the paging performs a
2-step or 4-step RACH and inform, via the RACH message 1 (S420) or the RACH
message 3 (5520), the gNB that the UE corresponds to the A-RNTI contained in the
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paging signal. The gNB that receives this message understands that the inactive mode
UE is located nearby, and transmits DL data. This operation causes overhead because
all gNBs in the RAN area transmit paging signals. Also, other overhead occurs in a
procedure in which the UE has to perform the 2-step or 4-step RACH operation.

Referring to FIGS. 2 to 5, when the gNB has the valid C-RNTI, the data
transmission/reception of the inactive mode UE has the least delay and needs the least
signaling of the UE and the gNB. Therefore, it is advantageous for the inactive mode
UE to stay around the gNB having the valid C-RNTI as long as possible. This aspect
should be reflected in the cell reselection operation of the inactive mode UE. The
disclosure proposes a cell selection operation that allows the inactive mode UE to stay
around the gNB having the valid C-RNTI as long as possible.

First, the cell reselection operation of the UE in LTE will be described. In LTE, the
cell reselection of the idle mode UE refers to an operation of selecting a cell by the UE
for camping on, acquiring system information, maintaining synchronization, and
receiving a paging signal. In order to understand the cell reselection operation, it is
necessary to understand the cell selection operation. The cell selection includes the
operation of measuring and inducing the following Srxlev and checking whether
Srxlev is greater than zero (details are the same as LTE standard and thus will be
omitted herein). Here, Srxlev is composed of Qrxlevmeas, Qrxlevmin,
Qrxlevminoffset, and Pcompensation. Qrxlevmeas corresponds to a reference signal
received power (RSRP) value measured by the UE, and the others, Qrxlevmin,
Qrxlevminoffset, and Pcompensation, are parameters notified to the UE by the gNB
through system information, a radio resource control (RRC) message, or the like.

[Table 1]

Cell selection criterion: S+
Suitable cells«
= Srxlev > O«
¢  Srxlev = Qrxlevmeas -~ (Qrxlevmin — Qrxlevminoffset) — Pcompensation«

*  Pcompensation = max{UE_TXPWR_MAX_RACH - P_MAX, 0}«

Based on the concept of suitable cells described above, i.e., Srxlev > 0, the cell res-
election is performed through the following operations in LTE. First, the UE measures
the signal strength for the currently camping cell (i.e., serving cell) and neighbor cells,
and then derives Rs and Rn. Here, Qmeas,s and Qmeas,n denote the signal strength
(RSRP) for the serving cell and the neighbor cell, respectively. Also, Qhyst,s and
Qoffset,n are parameters that the gNB provides to the UE to prevent frequent cell res-
election. After measuring the signal strength for cells, the UE selects a cell having the
highest Rs or Rn among cells having Srxlev greater than zero and then performs

camping on the selected cell. If the currently camping cell and the newly selected cell
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are different from each other, this means the UE performs the cell reselection.
[105] [Table 2]

[106] Cell ranking criterion: Re

Ranking of cells«

* Rs = Qmeas,s + Qhysts+

*= Rn = Qmeas,n - Qoffset,s,ne
Reselected cell+

*=  Suitable (5 criterion) and«

= Best rank (highest R)»

[107] Described above is a cell reselection process of the idle mode UE in LTE.
Meanwhile, in the inactive mode which is expected to be newly introduced in NR, it is
advantageous for the UE to stay in a cell having a valid C-RNTI as long as possible in
view of fast data transmission/reception of the inactive mode UE. Considering this,
proposed is a cell reselection operation suitable for fast data transmission/reception of
the inactive mode UE. In this disclosure, the term cell is used interchangeably with a
base station, a gNB, or an ¢ Node B (eNB), all of which have the same meaning.

[108] The disclosure proposes a method for allowing an inactive mode UE to stay as long
as possible in a gNB having a C-RNTI valid for the UE by applying an additional
offset to the gNB regardless of whether a certain cell is a serving cell or a neighbor cell
in a cell reselection.

[109] FIG. 6 is a diagram illustrating a cell reselection method of an inactive mode UE
according to an embodiment of the disclosure.

[110] Referring to FIG. 6, for a gNB 610 having a valid C-RNTI for the inactive mode UE,
the UE adds an additional offset, QC-RNTI, in the cell reselection and applies it to cell
ranking. On the other hand, for a gNB 620 having no valid C-RNTI for the inactive
mode UE, the UE performs cell ranking without additional offset.

[111] The basic cell reselection operation is the same as described above. In case of the
gNB having the valid C-RNTT of the inactive mode UE as shown in FIG. 6, the UE
may apply an additional offset (referred to as QC-RNTI herein). According to the
disclosure, for the gNB that does not have the valid C-RNTT for the inactive mode UE,
the UE does not apply an additional offset (QC-RNTI). The cell reselection equation
according to the disclosure is as follows.

[112] [Table 3]
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[113]

[114]
[115]
[116]

[117]

[118]

[119]

[120]

Cell ranking criterion for inactive mode UE: Rinactivev
- Ranking of cells«
* Rs = Qmeas,s + Qhyst,s + Qc.antie¥
* Rn = Qmeas,n — Qoffset,s,n + Qc.anma¢
*  Qe.anms = X (f cell s has valid C-RNTI for inactive mode UE) or O (if cell s does
not have valid C-RNTI for inactive mode UE)«
*  Qc.anmn = Y (if cell n has valid C-RNTI for inactive mode UE) or O (if cell n does
not have valid C-RNTI for inactive mode UE)¢
* X andY are configured by gNB via RRC signaling or system information+
- Reselected cell~

= Suitable (S criterion) ande

*  Best rank (highest Ry¢

Alternatively, the cell reselection equation according to the disclosure is as follows.
[Table 4]

Cell ranking criterion for inactive mode UE: Rinactive«
- Ranking of cells«
* Rs = Qmeas,s + Qhyst,s + Qc.antie®
*  Rn = Qmeas,n - Qoffset s ne
*  Qc.anmis = X (if cell s has valid C-RNTI for inactive mode UE) or O (if cell s does
not have valid C-RNTI for inactive mode UE}
« X is configured by gNB via RRC signaling or system information«
- Reselected cell
*  Suitable (S criterion) and+

v Best rank (highest Rj¢

The inactive mode UE performs a cell reselection operation according to the above
equation in the following three situations as shown in FIGS. 7 to 9.

FIG. 7 is a diagram illustrating a cell reselection operation in a situation where an
inactive mode UE moves from a gNB having a valid C-RNTI to a gNB having no valid
C-RNTT according to an embodiment of the disclosure.

Referring to FIG. 7, it is assumed that the UE is currently camping on the gNB 710
having the valid C-RNTI. According to the disclosure, it is advantageous in view of
fast data transmission/reception that the UE remains as long as possible in the current
serving cell, i.e., the gNB 710 having the valid C-RNTI. Therefore, when deriving Rs
for the current serving cell in the ranking process for cell reselection, the UE adds QC-
RNTILs in addition to Qmeas,s and Qhyst,s.

However, since the gNB 720 to which the UE is moving does not have the valid C-
RNTI for the UE, the UE does not apply any additional offset other than Qmeas,n and
Qoffset,n. In this example, the inactive mode UE derives Rs and Rn in this manner and

compares them to perform the final cell reselection.
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[121] [Table 5]
[122] Example of equation related to FIG. 7+

[123]

[124]

[125]

[126]
[127]

[128]

[129]

[130]

Rs = Qaesna T Qs T Qepms (= X dB)
R0 = Quesss - Qe

Qerymn =09

FIG. 8 is a diagram illustrating a cell reselection operation in a situation where an
inactive mode UE moves from a gNB having no valid C-RNTI to a gNB having a valid
C-RNTT according to an embodiment of the disclosure.

Referring to FIG. 8, it is assumed that the UE is currently camping on the gNB 820
having no valid C-RNTI. According to the disclosure, it is advantageous in view of fast
data transmission/reception that the UE remains as long as possible in a neighbor cell,
i.e., the gNB 810 having the valid C-RNTI, rather than in the current serving cell, i.e.,
the gNB 820 having no valid C-RNTI. Therefore, when deriving Rs for the current
serving cell in the ranking process for cell reselection, the UE does not apply any ad-
ditional offset other than Qmeas,s and Qhyst,s.

However, since the gNB 810 to which the UE is moving does not have the valid C-
RNTI for the UE, the UE adds QC-RNTIL,n in addition to Qmeas,n and Qoffset,s,n. In
this example, the inactive mode UE derives Rs and Rn in this manner and compares
them to perform the final cell reselection.

[Table 6]

Example of equation related to FIG. 8«

RS = Qmeass T Qnusts”
R = Quueasn - Quttsstsn™ Qerngrn (5 Y dB)«

QcrnTLs = 0%

FIG. 9 is a diagram illustrating a cell reselection operation in a situation where an
inactive mode UE moves from a gNB having no valid C-RNTI to another gNB having
no valid C-RNTTI according to an embodiment of the disclosure.

Referring to FIG. 9, it is assumed that the UE is currently camping on the gNB 920
having no valid C-RNTI. The disclosure produces an effect different from the con-
ventional method when the cell reselection is performed between a gNB having a C-
RNTTI and a gNB having no C-RNTI. Therefore, in the situation of FIG. 9, the cell res-
election operation is similar to conventional one. That is, when deriving Rs for the
current serving cell in the ranking process for cell reselection, the UE does not apply
any additional offset other than Qmeas,s and Qhyst,s. In addition, when deriving Rn
for a neighbor cell, the UE the UE does not apply any additional offset other than
Qmeas,n and Qhyst,n. In this example, the inactive mode UE derives Rs and Rn in this
manner and compares them to perform the final cell reselection.

[Table 7]
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[131]

[132]

[133]

[134]
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[136]

[137]
[138]
[139]

[140]
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[142]

[143]
[144]

Example of equation related to FIG. 9«
RS = Quueass ™ Qysts®
RN = Qupeasn = Qosfsersn”

Qe-rnTrs = QeRNTLL = 0%

FIG. 10 is a diagram illustrating a cell reselection operation in a situation where an
inactive mode UE moves from a gNB having a valid C-RNTI to another gNB having a
valid C-RNTT according to an embodiment of the disclosure.

In an environment where cooperative transmission/reception is performed, a plurality
of base stations may have a C-RNTI. In this situation, when deriving Rs for the current
serving cell in the ranking process for cell reselection, the UE may apply additional
offset in addition to Qmeas,s and Qhyst,s. Also, when deriving Rn for a neighbor cell,
the UE may apply additional offset in addition to Qmeas,n and Qoffset,s,n. In this
example, the inactive mode UE derives Rs and Rn in this manner and compares them
to perform the final cell reselection.

[Table 8]

Example of equation related to FIG. 10«
RS = Queass T Qupsts T Qe-rivtrs (= X dB)«
RN = Queasn - Qostsetsn ™ Qeangin (=Y dB)e

Proposed in the disclosure is a method for allowing the UE to stay as long as possible
in the gNB having the valid C-RNTI by applying an additional offset to the gNB
having the valid C-RNTI when the inactive mode UE performs cell reselection.
Although the gNB having the valid C-RNTI is exemplarily used in this disclosure, the
disclosure can be extended to any base station. Herein, such a base station includes the
following examples.

- Example 1: Macro cell

- Example 2: Home cell (HeNB)

- Example 3: Specific cell assigned to a UE through system information or RRC
signaling by a base station

- Example 4: Cell using a specific frequency, e.g., 6 GHz, or less or more

- Example 5: Cells installed and operated by a specific operator

Therefore, when the disclosure is applied, the UE can preferentially perform the cell
reselection for the cell as described above.

<Second Embodiment>

With the emergence of smart phones, the traffic of smart phones is increasing expo-
nentially, and there is a growing demand for an increase of battery life of smart
phones. This means that efficient power saving technique is required, and thus the

power saving mode operation of a terminal is needed. Various techniques have been
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proposed and standardized so that the terminal can operate in power saving mode more
frequently and reestablish the network connection more quickly.

[145] In order to accomplish a higher data transfer rate, the fifth generation (5G) commu-
nication system considers implementation at a super-high frequency (mmWave) band
(e.g., such as a 60GHz band). In order to obviate a path loss of a radio wave and
increase a delivery distance of a radio wave at the super-high frequency band, various
techniques such as a beamforming, a massive multiple-input multiple-output (MIMO),
a full dimensional MIMO (FD-MIMO), an array antenna, an analog beam-forming,
and a large scale antenna are discussed in the 5G communication system.

[146] Additionally, for an improvement in network of the 5G communication system,
technical developments are made in an advanced small cell, a cloud radio access
network (cloud RAN), an ultra-dense network, a device to device (D2D) commu-
nication, a wireless backhaul, a moving network, a cooperative communication, co-
ordinated multi-points (CoMP), a reception interference cancellation, and the like.

[147] Besides, in the 5G communication system, a hybrid frequency shift key and
quadrature amplitude modulation (FQAM) and a sliding window superposition coding
(SWSC) are developed as advanced coding modulation (ACM) schemes, and a filter
bank multi carrier (FBMC), a non orthogonal multiple access (NOMA), and a sparse
code multiple access (SCMA) are also developed as advanced access techniques.

[148] In a communication system, a terminal needs an initial cell selection method and a
cell reselection method in an idle mode for selecting the best base station to access.
Also, in a connected mode, a terminal should perform a radio resource management
(RRM) measurement so as to perform handover to move to a better cell. In order to
select cells and compare the performance of cells, each terminal should be able to
observe or calculate a measured value representative of each cell or a value derived
from the measured value. In order to achieve this, in LTE, different base stations
reserve orthogonal resources in a shared frequency band using the omni-beam and
transmit a cell specific reference signal of each cell. The terminal measures this signal
and thus knows the reference signal received power (RSRP) of each cell.

[149] Also, in a next generation communication system that considers beamforming,
various methods in which different base stations transmit cell and beam specific
reference signals on different resources while using different beams and a terminal
derives a representative value corresponding to a certain cell by using measured values
of a plurality of beams transmitted in the cell are needed.

[150] In addition, when base stations transmit two or more types of reference signals
generated by different signal generation rules using two or more beams having
different beam areas, coverages, transmission periods, etc., a method for deriving a

representative value corresponding to a certain cell has not been studied yet.



17

WO 2018/143727 PCT/KR2018/001456

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

The disclosure relates to a next generation wireless communication system and, more
particularly, to a system, method, and apparatus for performing cell measurement and
mobility management operations using signals transmitted by means of beamforming
in a beamforming-based system including one or more base stations and one or more
terminals.

Also, the disclosure relates to a procedure for a beam measurement, a beam mea-
surement report, and a handover start in a wireless system having a base station and a
terminal each of which uses multiple antennas.

The disclosure provides a method for a beam-measuring entity (i.e., a terminal) to
derive a representative value of a beam-using entity (i.e., a base station) by using
observed and measured beam information in a wireless communication having a base
station and a terminal each of which uses multiple antennas, especially in a system and
environment using beamforming of multiple antennas, and also provides a trigger
condition for transmitting a beam measurement report by using the derived repre-
sentative value of the beam-using entity.

The disclosure provides a trigger condition for a beam-using entity (i.e., a base
station) to transmit a signal for additional beam measurement to a beam-measuring
entity (i.e., a terminal) by using a beam measured value or a representative value of the
beam-using entity reported by the beam-measuring entity, whether a specific condition
is satisfied, or the like in a wireless communication having a base station and a
terminal each of which uses multiple antennas, especially in a system and environment
using beamforming of multiple antennas.

The disclosure provides a procedure that, using a beam measured value or a repre-
sentative value of a beam-using entity (i.e., a base station) reported by a beam-
measuring entity (i.e., a terminal), whether a specific condition is satisfied, or the like,
the beam-using entity exchanges information with a neighbor beam-using entity (i.e., a
neighbor base station) related to the report of the beam-measuring entity and thereby
enables the neighbor beam-using entity to transmit a signal for additional beam mea-
surement in a wireless communication having a base station and a terminal each of
which uses multiple antennas, especially in a system and environment using
beamforming of multiple antennas.

<Method for transmitting and receiving two or more different types of reference
signals>

FIGS. 11 to 13 are diagrams illustrating a method for transmitting different types of
reference signals according to various embodiments of the disclosure.

Referring to FIG. 11, as indicated by reference numeral 1100, different types of
reference signals (RSs) having the same period may be transmitted using different

frequency bands on the same time resource.
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[170]

Referring to FIG. 12, alternatively, as indicated by reference numeral 1200, different
types of RSs having the same period may be transmitted using the same frequency
band on different time resources.

Referring to FIG. 13, alternatively, as indicated by reference numeral 1300, different
types of RSs having different periods may be transmitted using the same frequency
band on different time resources.

In addition, different types of reference signals having different periods may be
transmitted using the same or different sequences on the same or different time and
frequency resources.

<Method for a terminal to calculate a cell measured value>

Signals having different beam characteristics are significantly different in received
signal strength and transmission performance. For example, when a terminal receives a
signal at the same position, a wide beam has lower RSRP and lower received signal
quality (a channel quality indicator (CQI), reference signal received quality (RSRQ),
signal-to-interference ration (SINR), signal-to-noise ratio (SNR)), compared to a
narrow beam, since the power is dispersed.

Like this, when different reference signals having different beam characteristics are
transmitted by base station(s), antenna(s), or transmission point(s) in a cell, a terminal
may measure different reference signals. In this case, reference signal measured values
may show a relative difference according to the beam characteristics as mentioned
above.

FIG. 14 is a diagram illustrating a method for a terminal to calculate a measured
value of a cell which transmits different reference signals according to an embodiment
of the disclosure.

Referring to FIG. 14, the terminal may receive and measure all reference signals at
operation S1410. Then, the terminal may classify the received reference signals into
reference signals (RSs) of the same type at operation S1420. For example, the terminal
may distinguish synchronization signals (SSs), cell specific reference signals (RSs),
and beam specific RSs. In addition, the terminal may distinguish signals having the
same sequence generation rule and function from other signals.

Then, using measured values of the classified reference signals, the terminal may
calculate a cell representative value at operation S1430.

Thereafter, using the cell representative value, the terminal may select a cell of an
idle mode or perform RRM measurement at operation S1440.

FIG. 15 is a diagram illustrating a method for classifying measured signals into
reference signals of the same type and calculating a cell representative value by using
measured values according to an embodiment of the disclosure.

Referring to FIG. 15, the terminal may classify received signals by type. Then, the
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terminal may calculate a cell representative value 1500 by using measured values of
the classified signals, and use the calculated cell representative value for the idle mode
cell selection, the connected mode RRM measurement, or the like.

There are various methods for calculating the cell representative value by using mea-
surement results of same type signals transmitted on beams having the same charac-
teristics. For example, measured values may be summed up, averaged, weighted
summed, or weighted averaged. The measured value may be a value obtained by
applying L1 filtering or L3 filtering to the result of measurement through sweeping of
a base station beam and a terminal beam. In this case, the measured value may be
calculated as a single value through a method such as summation, average, weighted
summation, or weighted average before and after L1 filtering or before and after L3
filtering, and then the cell representative value may be obtained through a subsequent
process. In addition, the measured value may be measured for each beam pair, for the
same base station beam, or for the same terminal beam. These methods may be equally
used as a method for calculating a cell representative value by using only one type
signals according to the present patent.

FIG. 16 is a diagram illustrating a method for calculating a cell representative value
by using all measured reference signals according to an embodiment of the disclosure.
Referring to FIG. 16, a cell representative value 1600 may be calculated through a
method 1610 such as summation, average, weighted summation, or weighted average
for a beam of best signal strength, N beams of good signal strength, or all beams. In

this case, the measured value may be calculated for each beam, and the above-
described methods for calculating the cell representative value may be used.

FIG. 17 is a diagram illustrating a method for calculating a cell representative value
according to an embodiment of the disclosure.

Referring to FIG. 17, the terminal may identify the types of the classified reference
signals, select one or more reference signal types, and calculate the cell representative
value.

Specifically, the terminal may select a reference signal type 1 at operation 1710 and
calculate a cell representative value 1700 by using measured values of reference
signals transmitted on various beams included in the selected type. Of course, the
above-described methods for calculating the cell representative value by using only
beams included in reference signals of the same type may be used.

Referring to FIG. 17, a rule used by the terminal to select a specific type of reference
signal and calculate a representative value of a corresponding cell may be already de-
termined in the system including the terminal and the base station. Therefore, the
terminal and the base station may know in advance such a rule without special in-

formation exchange and signal transmission. Such rules for selecting a reference signal
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may be determined by considering one or more of the following examples:

If a reference signal beam of a particular type prioritized in the standard is observed
and measured, the terminal may calculate the cell representative value with only the
reference signal beam of that particular type. For example, when a beam specific
reference signal (beam RS, additional RS, beamformed demodulation RS (DM-RS),
channel state indicator (CSI)-RS (CSI-RS), etc.) is measured, the terminal may
calculate the cell representative value by using only the corresponding reference signal
type.

Alternatively, if a reference signal type having a narrower beam width than other
types is observed and measured, the terminal may prioritize the reference signal type
having the narrowest beam width and calculate the cell representative value by using
only this reference signal type.

Alternatively, if a reference signal type having a wider beam width than other types
is observed and measured, the terminal may prioritize the reference signal type having
the widest beam width and calculate the cell representative value by using only this
reference signal type.

Alternatively, if a reference signal type transmitted more frequently than other types
is observed and measured, the terminal may prioritize the most frequently transmitted
reference signal type and calculate the cell representative value by using only this
reference signal type.

Alternatively, if a reference signal type transmitted more sparsely than other types is
observed and measured, the terminal may prioritize the most sparsely transmitted
reference signal type and calculate the cell representative value by using only this
reference signal type.

Alternatively, if a reference signal type transmitted in a wider coverage than other
types is observed and measured, the terminal may prioritize the reference signal type
transmitted in the widest coverage and calculate the cell representative value by using
only this reference signal type.

Alternatively, if a reference signal type transmitted in a smaller coverage than other
types is observed and measured, the terminal may prioritize the reference signal type
transmitted in the smallest coverage and calculate the cell representative value by using
only this reference signal type.

In another embodiment, the terminal may manage mobility by using only a reference
signal supported by different base stations (i.e., a serving base station and a target base
station).

In addition, the base station may transmit a certain signal and participate (config.) in
the corresponding determination to allow the terminal to select a specific type of

reference signal.
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FIGS. 18 and 19 show examples of a signal transmitted to a terminal by a base
station and utilized to calculate a cell measured value according to an embodiment of
the disclosure.

Referring to FIG. 18, the signal transmitted to the terminal by the base station may
include a preferred reference signal type 1810 and information 1820 about a method
for determining a cell representative value by using the reference signal. For example,
this information 1820 may include the number of beams (e.g., 1, K, all) to be used for
determining a cell representative value, an index indicating a method for selecting a
beam (e.g., whether to select an arbitrary beam or the best beam), the type of an
equation for calculating a cell representative value (e.g., sum, average, and weighted
sum with different weights for different K beams), and the like.

The base station and the terminal may know in advance an index regarding a method
for calculating a cell representative value as shown in Table 9 below. In case of
weighted summation, the base station should transmit respective weights as shown in
FIG. 20.

[Table 9] Derivation index in a base station transmission signal for measurement of a
cell representative value by a terminal (Derivation index for cell level measurement)

[Table 9]

Derivation Method. Index.
Summation. 0«
Average. 1o
Weighted summation. 2

Referring to FIG. 19, alternatively, the signal transmitted to the terminal by the base
station may include indexes 1910, 1920, and 1930 of preferred reference signal types
and information 1940, 1950, and 1960 about methods for determining a cell repre-
sentative value by using the reference signal. For example, this information 1820 may
include the number of beams (e.g., 1, K, all) to be used for determining a cell repre-
sentative value, an index indicating a method for selecting a beam (e.g., whether to
select an arbitrary beam or the best beam), the type of an equation for calculating a cell
representative value (e.g., sum, average, and weighted sum with different weights for
different K beams), and the like. The base station and the terminal may know in
advance an index of each reference signal type as shown in Table 10 below.

[Table 10] Reference signal index for measurement of a cell representative value by a

terminal the UE (RS index for cell level measurement)
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[195] Kind of RS Index:
Beam based additional RS 0.

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

(could be BRS, MRS, CSI-RS, ...}«

Synchronization Signals 1.

DM-RS for PBCH- 2+

This information may be included as an information element in part of a certain RRC
message, as a media access control (MAC) control element (CE) in part of a certain
MAC message, or as a physical (PHY) element in part of a certain PHY message.

FIG. 20 is a diagram illustrating an example of a signal including weights transmitted
to a terminal by a base station according to an embodiment of the disclosure.

Referring to FIG. 20, the signal may include a preferred reference signal type 2010,
the number of beams 2020 to be used, and information about a method 2030 for de-
termining a cell representative value. Also, any information described above in FIGS
18 and 19 may be further included. In addition, if the method for determining a cell
representative value is weighted average or weighted summation, the base station may
transmit respective weights 2040 to the terminal.

FIG. 21 is a diagram illustrating a method for a terminal to calculate a cell repre-
sentative value for each RS from different RSs through a separate procedure according
to an embodiment of the disclosure.

Referring to FIG. 21, the terminal may calculate cell representative values for re-
spective RSs through separate procedures without mixing or selecting different beam
measurement information received from different type RSs. In this case, the filtering
and cell representative value calculation equations for different type RSs may be the
same or different.

If different filtering and cell representative value calculation equations are used for
different type RSs, the base station may transmit this information to the terminal to
perform filtering and cell representative value calculation.

FIG. 22 is a diagram illustrating a method for controlling a change of mobility by
using different types of reference signals according to an embodiment of the
disclosure.

Referring to FIG. 22, a UE (i.e., a terminal) may report a measurement result of a
reference signal type 1 at operation S2210.

Based on the measurement result, a gNB (i.e., a base station) may determine at
operation S2220 whether transmission of a reference signal type 2 is needed.

If it is determined that transmission of the reference signal type 2 is required, the
gNB may transmit the reference signal type 2 to the UE at operation S2230. Then, the

gNB may receive a measurement result of the reference signal type 2 at operation
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[206] At operation S2250, the gNB determines whether a mobility change (handover, etc.)

[207]

[208]

[209]

[210]

[211]

[212]

is necessary, based on the measurement result. If necessary, the gNB may request or
instruct the mobility change at operation S2260.

At this time, the gNB may determine a cell representative value by using values
measured through different types of reference signals according to a method described
above or to be described below, and then determine, by using the representative value,
whether the mobility change is necessary.

FIGS. 23 to 28 show various embodiments of selecting different numbers (N1, N2,
..., Nk) of beam measurement signals for different types of reference signals (RSs) in
the order of best performance and then deriving a cell representative value by mul-
tiplying the selected signals by different weights according to various embodiments of
the present disclosure. This weight may be a positive number or a negative number,
and may be greater or smaller than 1.

Referring to FIG. 23, a method is illustrated for calculating representative values
2310 and 2320 for respective RSs through separate procedures for different types of
RSs and then determining one cell representative value by using the above repre-
sentative values. Referring to FIG. 23, the UE may determine the cell representative
value by multiplying a measured value determined for each RS by a weight.

Referring to FIG. 24 a method is illustrated for multiplying each beam measurement
signal by the same weight 2410 with respect to the same type of RSs and then de-
termining a cell representative value 2420. On the other hand, with respect to different
types of RSs, different weights (weight 1 and weight 2) may be applied. However, the
weight 1 and the weight 2 may be the same value.

Referring to FIG. 25 a method is illustrated for selecting a specific number of beam
measurement signals with respect to different types of RSs, multiplying a repre-
sentative value for each RS by a weight, and thereby deriving a cell representative
value. Referring to FIG. 25, the UE may select N1 best beams 2510 and N2 best beams
2520 for additional RSs and idle mode RSs, respectively, and then determine repre-
sentative values 2530 and 2540 for the respective RSs. Also, the UE may calculate a
cell representative value 2550 by applying a weight to the representative value for each
RS.

Referring to FIG. 26 a method is illustrated for selecting a specific number of beam
measurement signals with respect to different types of RSs, calculating a representative
value for each RS type by multiplying each selected beam measurement signal by a
weight, and deriving a cell representative value by multiplying the representative value
for each RS type by a weight. In this case, the weights applied to the respective beam

measurement signals may be different from or equal to each other.
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[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

Referring to FIG. 26, the UE selects N1 best beams 2610 and N2 best beams 2620
for additional RSs and idle mode RSs, respectively, multiplies each selected beam
measurement signal by a corresponding weight 2630 or 2640, and determines a repre-
sentative value 2650 or 2660 for each RS type. Then, the UE may calculate a cell rep-
resentative value 2670 by applying a weight to the representative value for each RS
type.

FIG. 27 shows another method for selecting a different number of beam mea-
surement signals with respect to different types of RSs and then deriving a cell repre-
sentative value by multiplying the selected signals by different weights according to an
embodiment of the disclosure.

Referring to FIG. 27, the UE may select N1 best beams 2710 and N2 best beams
2720 for additional RSs and idle mode RSs, respectively, and multiply each selected
beam measurement signal by a corresponding weight 2730 or 2740. Then, using the
result, the UE may calculate a cell representative value 2770. In this case, the weights
applied to the respective beam measurement signals may be different from or equal to
each other.

FIG. 28 is a diagram illustrating a method for deriving a cell representative value by
multiplying all beam measurement signals by different weights with respect to
different types of RSs according to an embodiment of the disclosure.

Referring to FIG. 28, the UE may multiply each of all beam measurement signals for
additional RSs and idle mode RSs by corresponding weight 2810 or 2820. Then, using
the result, the UE may calculate a cell representative value 2830. In this case, the
weights applied to the respective beam measurement signals may be different from or
equal to each other.

FIG. 29 is a diagram illustrating a method for controlling a mobility change by using
different types of reference signals according to an embodiment of the disclosure.

Referring to FIG. 29, the UE may receive a reference signal type 1 from each of the
first gNB and the second gNB base station at operations S2910 and S2920, and then
report a measurement result to the first gNB at operation S2930.

Based on the measurement result, the first gNB may determines at operation $S2940
whether transmission of a reference signal type 2 is required. If it is determined that it
is necessary, the first gNB may request the reference signal type 2 to the second gNB
at operation S2950.

Accordingly, the second gNB may recognize the necessity of transmission of the
reference signal type 2 at operation S2960. Then, each of the first gNB and the second
gNB may transmit the reference signal type 2 to the UE at operations S2970 and
S2975. Therefore, the UE may transmit a measurement result for the reference signal
type 2 to the first gNB at operation S2980. Then, at operation S29835, the first gNB
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may determine, based on the measurement result, whether it is necessary to change the
mobility. If necessary, the first gNB may transmit a request or instruction for the
mobility change to the UE at operation S2990.

[222] <Measurement report triggering events using measured values of different RSs>
[223] [event NR1]
[224] Event | Description

NR1 Serving becomes better than threshold

{Entering condition)
NR1-1-1) Ms(IDLE mode RS) - Hysl = Thresholdl
NR1-1-2) Ms{Additional RS) - Hys2 > Thresheld2
NR1-1-3) (Ms{IDLE mcde RS) - Hysl = Thresholdl)
&& (Ms{Additional RS) - Hys2 > Threshold2)
NR1-1-4) Ms(IDLE mode RS) + Ms{Additional RS) - Hys3 = Threshold3

{Leaving condition)
NR1-2-1) Ms{IDLE mode RS) + Hysl < Thresholdl
NR1-2-2) Ms{Additional RS) + Hys2 < Threshold2
NR1-2-3) {Ms{IDLE mode RS) + Hysl < Thresholdl)
&& (Ms{Additional RS) + Hys2 < Threshold2)
NR1-2-4) Ms{IDLE mode RS) + Ms{Additicnal RS) + Hys3 < Threshold3

# Ms{IDLE mode RS} is the measurement result of the serving cell derived from IDLE
mode RS, not taking into account any offsets,

# Ms{Additicnal RS) is the measurement result of the serving cell derived from
additional RS, not taking into account any offsets,

# Hysl, Hys2, and Hys3 are the hysteresis parameter for this event (i.e hysteresis as
defined within reportConfigfUTRA for this event),

# Thresholdl, Threshold2, and Threshold3 are the threshold parameter for this event
(i.e. a1-Thresholdl, a1-Threshold2, and al-Threshold3 as defined within
reportConfigEUTRA for this event).

# Ms{IDLE mode RS) is expressed in dBm in case of RSRP, or in dB in case of RSRQ
and RS-SINR,

# Ms({Additicnal RS} is expressed in dBm in case of RSRP, orin dB in case of RSRQ
and RS-SINR,

# Hysl, Hys2, and Hys3 are expressed in dB,

# Thresholdl1, Threshold2, and Threshold3 are expressed in the same unit as Ms.

[225] [event NR2]
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[226] NR2 Serving becomes worse than threshold

{Entering condition)
NR2-1-1) Ms{IDLE mode RS) + Hysl < Thresholdl
NR2-1-2) Ms{Additional RS) + Hys2 < Threshold2
NR2-1-3) {(Ms{IDLE mode RS) + Hysl < Thresholdl)
&& {Ms{Additional RS) + Hys2 < Threshold2)
NR2-1-4) Ms{IDLE mode RS} + Ms{Additional RS) « Hys3 < Threshold3

{Leaving condition}
MNR2-2-1) Ms{IDLE mode RS) — Hysl > Thresholdl
NR2-2-2) Ms{Additional RS) - Hys2 = Threshold2
NR2-2-3) {(Ms{IDLE mede RS) - Hysl > Thresholdl)
&& (Ms{Additional RS} - Hys2 > Threshold2)
NR2-2-4) Ms{IDLE mode RS) + Ms{Additional RS) — Hys3 > Threshold3

# MS{IDLE mode RS) is the measurement result of the serving cell derived from IDLE
mode RS, not taking into account any offsets,

# Ms{Additional RS) is the measurement result of the serving cell derived from
additional RS, not taking into account any offsets,

# Hysl, Hys2, and Hys3 are the hysteresis parameter for this event (i.e. hysteresis as
defined within reportConfigfUTRA for this event),

# Thresholdl, Thresheld2, and Threshold3 are the threshold parameter for this event
(i.e. al-Thresholdl, al-Threshold2. and al-Threshold3 as defined within
reportConfigEUTRA for this event).

# Ms{IDLE mode RS) is expressed in dBm in case of RSRP, or in dB in case of RSRQ
and RS-SINR,

# Ms(Additional RS) is expressed in dBm in case of RSRP, orin dB in case of RSRQ
and RS-SINR

# Hys1, Hys2, and Hys3 are expressed in dB,

# Thresholdl, ThresheldZ, and Threshold3 are expressed in the same unit as Ms.

[227] The following table divided into several pages shows the description of event NR3.
[228] [event NR3]
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[229] NR3 Neighbour becomes offset better than PCell/ PSCell

(Entering condition)
NR3-1-1) Mn(IDLE mode RS) + Ofnl + Ocnl — Hysl > Mp(IDLE mode RS) +
Ofpl + Oc¢pl + Off1
NR3-1-2) Mn(Additional RS) + Ofn2 + Ocn2 — Hys2 > Mp(Additional RS) +
Ofp2 + Ocp2 + Off2
NR3-1-3) (Mn(IDLE mode RS) + Ofnl + Ocnl - Hysl > Mp(DLE mode RS) +
Ofpl + Ocpl + Off1)

&& (Mn{Additional RS) + Ofn2 + Oc¢n2 - Hys2 > Mp(Additional RS) +
Ofp2 + Ocp2 + Off2)
NR3-1-4) Mn(IDLE mode RS) + Mn(Additional RS} + Ofn3 + Ocn3 - Hys3 >
Mp(DLE mode RS) + Mp(Additional RS) + Ofp3 + Ocp3 + Off3

(Leaving condition)
NR3-2-1) Mn(IDLE mode RS) + Ofnl + Ocnl + Hysl < Mp(DLE mode RS} +
Ofpl + Ocpl + Off1
NR3-2-2) MniAdditional RS) + Ofn2 + Ocn2 + Hys2 < Mp(Additional RS) +
Ofp2 + Ocp2 + Off2
NR3-2-3) (Mn(DLE mode RS) + Ofnl + Ocnl + Hysl < Mp({DLE mode RS) +
Ofpl + Ocpl + Offl)

&8 (Mn{Additional RS) + Ofn2 + Ocn2 + Hys2 < Mp(Additional RS) +
Ofp2 + Ocp2 + Off2)
NR3-2-4) Mn(IDLE mode RS) + Mn(Additional RS) + Ofn3 + Ocn3 + Hys3 <
Mp({DLE mode RS) + Mp(Additional RS) + Ofp3 + Ocp3 + Off3
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[230] # Mn(IDLE mode RS) is the measurement result of the neighbour cell derived
from IDLE mode RS, not taking into account any offsets,

# Mn(Additional RS) is the measurement result of the neighbour cell derived
from additional RS, not taking into account any offsets,

# Mp({DLE mode RS) is the measurement result of the PCelly PSCell derived
from IDLE mode RS, not taking into account any offsets,

# Mp(Additional RS) is the measurement result of the PCell/ PSCell derived
from additional RS, not taking into account any offsets,

# Hys1, Hys2, and Hys3 are the hysteresis parameter for this event (i.e.
hysteresis as defined within reportConfigtUTRA for this event),

# Ofnl, Ofn2, and Ofn3 are the frequency specific offset of the frequency of
the neighbour cell (i.e. offsetFreq as defined within measObjectFUTRA
corresponding to the frequency of the neighbour cell).

# Ocnl, Ocn2, and Ocn3 are the cell specific offset of the neighbour cell (i.e.
cellindividualOffset as defined within measObjectEUTRA corresponding to the
frequency of the neighbour cell), and set to zero if not configured for the
neighbour cell.

# Ofpl, Ofp2, and Ofp3 are the frequency specific offset of the frequency of
the PCell/ PSCell (i.e. offsetFreq as defined within measObjectEUTRA
corresponding to the frequency of the PCell/ PSCell).

#0cpl, Ocp2, and Ocp3 are the cell specific offset of the PCell/ PSCell (i.e.
celllndividualOffset as defined within measObyectEUTRA corresponding to the
frequency of the PCell/ PSCell), and is set to zero if not configured for the
PCelly PSCell.

#0Off1, Off2, and Off3 are the offset parameter for this event (i.e. a3-Offset as
defined within reportConfigtUTRA for this event).

# Mn( and Mp( are expressed in dBm in case of RSRP, or in dB in case of
RSRQ and RS-SINR,

# Hys1, Hys2, and Hys3 are expressed in dB,

# Ofn, Ocn, Ofp, Ocp, Off are expressed in dB.

[231] [event NR4]
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[232] NR4 Neighbour becomes better than threshold

{Entering conditian)
NR4-1-1) Mn{IDLE mode RS) + Ofnl + Ocnl ~ Hysl = Thresholdl
NR4-1-2) Mn{Additional RS) + Ofn2 + Ocn2 - Hys2 > Threshold2
hR4-1-3) (Mn{IDLE mode RS) + Ofnl + Ocnl - Hysl > Thresholdl)

&& [Mn{Additional RS) + Ofn2 + Ocn2 - Hys2 > Threshold2)
NR4-1-4) MnIDLE mode RS) + MnjAdditional RS) + Ofn3 + O¢n3 - Hys3 >
Threshold3
{Leaving cordition}
NR4-2-1) Mn{IDLE mode RS) + Ofnl + Oenl + Hysi < Thresholdl
NR4-2-2) Mn{Additional RS} + Ofn2 + Ocn2 + Hys2 < Threshold2
NR4-2-3) (Mn{IDLE mode RS) + Ofnl + Ocnl + Hysl < Thresholdl)

&& (Mn{Additional RS) + Ofn2 « Ocn2 + Hys2 < Threshold2)
NR4-2-4) MnIDLE mode RS) + Mn{Additional RS} + Ofn3 + Ocn3 + Hys3 <
Threshold3
# Mn{IDLE mode RS} is the measurement result of the neighbour cell dertved from
IDLE mode RS, not taking into account any offsets,
# Mn{Additional RS} is the measurement result of the neighbour cell derived from
additional RS, not taking into account any offsets,
# Hys1, Hys2, and Hys3 are the hysteresis parameter forthis event {i.e. hysteresis as
defined within reportConfigfUTRA for this event),
# Ofn1, Ofn2, and Ofn3 are the frequency specific offset of the frequency of the
neighbour cell {i.e. offsetfFreq as defined within measObjectfTRA corresponding to
the frequency of the neighbour cell).
# Ocnl, Ccen2, and Oc¢n3 are the cell specific offset of the neighbour cell jie.
celiindividualOfsetas defined within measObjectf UTRA corresponding to the
frequency of the neighbour cell), and set to zero if not configured for the neighbour
cell.
# Threshold1, Threshold2, and Threshold3 are the threshold parameterfor this event
ie. al-Thresholdl, al-Threshold?, and al-Threshold3 as defined within
reportConfigE UTRA for this event).
# Mn) are expressed in dBm in case of RSRP, or in dB in case of RSRQ and RS-SINR,
# Hys1 Hys2, and Hys3 are expressed indB,
# Ofn, Ocn, Ofp, Ocp, Off are expressed in dB.
# Thresholdl, Threshold2, and Threshold3 are expressed in the same unit as Mn{

[233] The following table divided into several pages shows the description of event NRS.
[234] [event NRS5]



30
WO 2018/143727 PCT/KR2018/001456

[235] NRS PCell/ PSCell becomes worse than thresholdA and neighbour becomes better than

thresholdB

1> consider the entering condition for this event to be satisfied when both condition
5-1-X and condition 5-2-X, as specified below, are fulfilled;

1= consider the leaving condition for this event to be satisfied when condition 5-3-X
or condition 5-4-X, i.e. at least one of the two, as specified below, is fulfilled;

{Entering condition 1}

NR5-1-1} Mp{IDLE mode RS) + HysAl < ThresholdAl

NR5-1-2) Mp{Additional RS} + HysA2 < ThreshaldA2

NRS-1-3) {Mp({DLE mode RS) + HysAl < ThresholdA1)

&& (MpiAdditional RSy + HysA2 < ThresholdA2)

NRS5-1-4) Mp{IDLE mode RSy + Mp{Additional RS) + HysA3 < ThresholdA3
{Entering condition 2}

NR5-2-1) MnIDLE mode RS} + Ofnl + Ocnl ~ HysB1 = ThresholdBl
NR5-2-2) MniAdditional RS) + Ofn2 + Ocn2 — HysB2 > ThresholdB2
NR5-2-3} {MnIDLE mode RS) + Ofnl + Ocnl - HysBl > ThresholdB1}

&& MnfAdditional RS) + Ofn2 + Ocn2 - HysB2 > ThresholdB2)
NR5-2-4) MndDLE mode RS} + Mn{Additional RS) + Ofn3 + Ocn3 - Hys3 »
ThresholdB3
{Leaving condition 1)

NR5-3-1) Mp{IDLE mode RS) - HysAl1 > ThresholdAl
NRS-3-2) Mp{Additional RS) - HysA2 > ThresholdA2
MR5-3-3}) {Mp{DLE mode RS} — HysAl > ThresholdAl)

&& {Mp(Additional RS) ~ HysA2 > ThresholdA2)

NR5-3-4) Mp({IDLE mode RS) + Mp{Additional RS} — HysA3 > ThresholdA3
{Leaving condition 2}

NR5-4-13 MndDLE mode RS} + Ofnl + Ocnl + HysB1 < ThresholdBl
NR5-4-2) MnjAdditional RS) + Ofn2 + Ocn2 + HysB2 < ThresholdB2
NRS-4-3) (MnIDLE mode RS) + Ofnl + Ocnl + HysBl < ThresholdB1)

&& (MnjAdditional RSy + Ofn2 + Ocn2 + HysB2 < ThresholdB2)
NRS-4-4) MndDLE mode RS) + Mn{Additional RS} + Ofn3 + O¢n3 + HysB3 <
ThresholdB3
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[236]

# MnIDLE mode RS) is the measurement result of the neighbour cell derived from
IDLE mode RS, not taking into account any offsets,

# Mn{Additional RS) is the measurement result of the neighbour cell derived from
additional RS, not taking into account any offsets,

# Mp(IDLE mode RS) is the measurement result of the PCell/ PSCell derived from IDLE
mode RS, not taking into account any offsets,

# MpiAdditional RS}y is the measurement result of the PCell/ PSCell derived from
additional RS, not taking into account any offsets,

# HysAl, HysAZ, HysA3, HysB1, HysB2, and HysB3 are the hysteresis parameterfor this
event (ie. hysteresis as defined within reporfConfigf UTRA for this event),

# Ofnl, Ofn2, and Ofn3 are the frequency specific offset of the frequency of the
neighbour cell (le. offsetFreq as defined within measObictEUTRA corresponding to
the frequency of the neighbour cell).

# Ocnl, Ocn2, and Ocn3 are the cell specific offset of the neighbour cell {ie.
cellindividualOfsetas defined within measObjecit UTRA corresponding to the
frequercy of the neighbour cell}, and set to zero if not configured for the neighbour
cell.

# Ofp1, Ofp2, and Ofp3 are the frequency specific offset of the frequency of the PCell
PsCell {i.e. offsetFreq as defined within measObjectfU/ TRA corresponding to the
frequency of the PCell/ PSCell).

#0cpl, Ocp2, and Ocp3 are the cell specific offset of the PCell/ PSCell {ie.
cellindividualOfisetas defined within measObjectEUTRA corresponding to the
frequency of the PCell/ PSCelly, and is set to zero if not configured for the PCell/
PsCell.

#0ff1, Off2, and Off3 are the offset parameter for this event {i.e. a3-Offset as defined
within reportConfigE UTRA for this event).

# Mn{ and MP{} are expressed in dBm in case of RSRP, or in dB in case of RSRQ and
RS-SINR,

# HysAl HysA2, HysA3, HysB1, HysB2, and HysB3 are expressed in dB,

# Ofn, Ocn, Ofp, Ocp, Off are expressed in dB.

[237] The following table divided into several pages shows the description of event NR6.
[238] [event NR6]
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[239] NRS Neighbour becomes offset better than SCell

{Entering condition}

NR3-1-1) Mn{IDLE mode RS) + Ocnl — Hys1 > Ms{IDLE mode RS) + Ocsl + Off1

NR3-1-2) Mn{Additional RS) + Ocn2 - Hys2 » Ms{Additional RS} + Ocs2 + Off2

NR3-1-3) (Mn{IDLE mode RS} + Qcnl - Hysl > MsIDLE maode RS} + Ocsl + Off1)
&& (MniAdditional RS} = Ocn2 - Hys2 > MsiAdditional RS) + Ocs2 + Off2)

NR3-1-4) Mn{DLE mode RS) + Mn{Additional RS} + Ocn3 = Hys3 > Ms{IDLE mode RS}

+ Ms{Additional RS) + Oc¢s3 + Off3

{Leaving condition}

NR3-2-1) Mn{IDLE mode RS} + Ocnl + Hysl < MsIDLE mode RS) + Ocsl + Off1

NR3-2-2) Mn{Additional RS} + Ocn2 + Hys2 < Ms({Additional RS) + Ocs2 + Off2

NR3-2-3) {(Mn{IDLE mode RS} + Ocnl + Hysl < Ms{IDLE mode RS) + Ocsl + Off1}
&& (Mn{Additional RS} = Ocn2 + Hys2 < Ms{Additional RS} + Oes2 + Off2)

NR3-2-4) Mn{IDLE mode RS} + MnfAdditional RS) + Ocn3 + Hys3 < Ms{IDLE mode

RS) + MsiAdditional RS} + Ocs3 = OFff3

[240]

# MndDLE mode RS) is the measurement result of the neighbour cell derived from
IDLE mode RS, not taking into account any offsets,

# MnfAdditional RS) is the measurement result of the neighbour cell derived from
additional RS, not taking into account any offsets,

# Ms(DLE mode RS} is the measurement result of the serving cell derived from IDLE
mode RS, not taking into account any offsets,

# NMs(Additional RS) is the measurement result of the serving cell derived from
additional RS, not taking inta account any offsets,

# Hys1, Hys2, and Hys3 are the hysteresis parameter for this event {i.e. hysteresis as
defined within reportConfigfUTRA for this event),

# Ocnl, Ocn2, and Ocn3 are the cell specific offset of the neighbour cell {ie.
celllndividualOfsetas defined within measObjectEUTRA carresponding to the
frequency of the neighbour cell}, and set to zera if not configured for the neighbour
cell.

#0cs51, 0cs2, and Ocs3 are the cell specific offset of the serving cell {ie.
celiindividualOfisetas defined within measCbiectf U/ TRA corresponding to the
frequency of the PCell/ PSCell}, and is set to zero if not configured for the PCell/
PSCell.

#0ff1, Off2, and Off3 are the offset parameterfor this event {ie. a3-Offset as defined
within reportConfigE UTRA for this event}.

# Mn{) and Ms{ are expressed in dBm in case of RSRP, or in dB in case of RSRQ and
RS-SINR,

# Hysl, Hys2, and Hys3 are expressed in dE,

# 0cn, Ocs, Off are expressed in dB.
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[241] The following table divided into several pages shows the description of event NR7.
[242] [event NR7]
[243]

NR7 Neighbour becomes offset better than PCell/ PSCell, while there are more
than N beams above threshold in that neighbour cell

1> consider the entering condition for this event to be satisfied when
both condition 7-1-X and condition 7-2-X, as specified below, are fulfilled:

1> consider the leaving condition for this event to be satisfied when
condition 7-3-X or condition 7-4-X i.e. at least one of the two, as specified
below, is fulfilled;

{Entering cendition 1)
NR7-1-1) Mn{IDLE mode RS} + Ofnl + Ocnl - Hysl > Mp{IDLE mode RS} +
Ofpl + Ocpl + Offl
NR7-1-2) Mn{Additional RS) + Ofn2 + Ocn2 — Hys2 = Mp(Additional RS) +
Ofp2 + Ocp2 + Off2
NR7-1-3) (Mn{IDLE mode RS) + Ofnl + Ocnl - Hysl > Mp{IDLE mode RS) +
Ofpl + Ocpl + Offl)

& (Mni{Additional RS) + Ofn2 + Ocn2 - Hys2 = Mp{Additional RS) +
Cfp2 + Ocp2 + Off2)
NR7-1-4) Mn{IDLE mode RS) + Mn(Additicnal RS) + Ofn3 + Ocn3 - Hys3 »
Mp{IDLE mode RS) + Mp{Additional RS) + Ofp3 + Ocp3 + Off3

(Entering condition 2)

NR7-2-1) # of beams satisfy {MBn{IDLE mode RS) » Thresholdl) = N1,
NR7-2-2) # of beams satisfy {MBn{Additional RS) > Threshold2) > N2,
NR7-2-3) # of beams satisfy { (MBn(IDLE mode RS) = Thresholdl) or
{MBn{Additional RS) = Threshold2) ) = N3,
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[244] {Leaving condition 1)

NR7-3-1) Mn(IDLE mode RS) + Ofnl + Ocnl + Hysl < Mp{IDLE mode RS) +
Ofpl + Ccpl + Offl
NR7-3-2) Mn{Additional RS) + Ofn2 + Ocn2 + Hys2 < Mp{Additional RS) +
Ofp2 + Ocp2 + Off2
NR7-3-3) (Mn{IDLE mode RS) + Ofnl + Ocnl + Hysl < Mp(IDLE mode RS) +
Ofpl + Ocpl + Off1)

&8& (Mn{Additional RS) + Ofn2 + Ocn2 + Hys2 < Mp{Additional RS) +
Ofp2 + Ocp2 + Off2)
NR7-3-4) Mn{IDLE mode RS) + Mn(Additional RS) + Ofn3 + O¢n3 + Hys3 <
Mp(IDLE mode RS) + Mp{Additional RS) + Ofp3 + Ocp3 + Off3

{Leaving condition 2)

NR7-4-1) # of beams satisfy (MBn{IDLE mode RS) = Thresholdl) < N1,
NR7-4-2) # of beams satisfy (MBn{Additicnal RS) > Threshold2) < N2,
NR7-4-3) # of beams satisfy { (MBn{(IDLE mode RS} > Thresholdl) or
{MBn{Additional RS) = Threshold2) ) < N3,
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[245]

[246]
[247]

[248]

[249]

# MnDLE mode RY) iz the measurement result of the neighbour cell derived from IDLE mode
RS, not taking inte account any offsats,

# Mn{Additional RS} 15 the measurement result of the neighbour cell derwved from additional RS,
not taking into account any offsets,

# MBn{DLE mode R3] is the measurement rasult of 3 beam of the neighbour cafl denved from
IDLE mode RS, not taking into account any offsets,

# MBn{Additional RS iz the measurement result of 3 beam of the neighbour cell denved from
additional RS, not taking into account any offsets

# MpfIDLE mede RS) is the measurement result of the PCell/ P3Cell derved from IDLE mode RS,
not taking into account any offsets,

# Mp{Additicnal R3) is the messurement result of the PCell/ P3Cell derived from additional RS,
not taking into account any offsets,

# Hysl Hys2, and Hys3 are the hysteresis parameter for this avent (i.e hysteresis as defined
within reportConfigfLTRA for this event).

# Ofnl, Cfn2, and Ofn3 are the frequency spacific offset of the frequency of the neighbour call
{i.e. offsetFreq az defined within measOlladiSUTRA correspending to the frequency of the
neighbour cell;.

# Ocnl OcnZ and Oc¢n? are the cell spacific offcet of the neighbour cell e celfndivduaiofet
as defined within measChecEUTRA comesponding to the frequency of the neighbour call), and
set to zero if not configured for the neighbour cell

# Ofpl. Ofp2. and Ofp3 are the frequency specific offset of the frequency of the PCell/ P3Cell (e
offzetfreq as defined within messO&edifUTRA corresponding to the frequency of the PCell/
pSCally.

#0cpl. Ocp2 and Ocp3 are the cell specific offset of the PCell/ PSCell {le calfndivduaiOfset as
defined within measOlactfUTRA coresponding to the frequency of the PCellf P3Cell) and iz set
to zero if not configured for the PCelly PSCell

#OffL, Off2, and Off2 are the offzet parameter for ths event (i.e. 33-Cffset az defined within
reporiConfigfUTRA for this event).

# N1 N2 and N3 are the required number of beams which satishies the threshold required

# Thresholdl, ThresholdZ and Thresheld3 are the thresheld parameter for this avent {1e a1-
Thresholdl. ai-Threshold2 and al-Threshoid? as defined within reportConfigEUTRA for this
avent).

# Mn[) and Mp{) are expressed in dBm incase of RSRP, or indB in caze of RSRY and R3-SINR
# Hysl, Hys2, and Hys3 are expressed indB,

# Ofn, Ocn. Ofp. Ccp. Off sre expressed indB.

# Thresholdl, Threshold2 and Threshold? are expressed in the same unit 35 Ms.

FIG. 30 is a diagram illustrating a terminal according to an embodiment of the
disclosure.

Referring to FIG. 30, the terminal 3000 may include a transceiver 3010 for
transmitting and receiving a signal, and a controller 3030.

The terminal 3000 may transmit and/or receive signals, information, messages, and
the like through the transceiver 3010. For example, when defining a controller in the

specification, it may be stated that “the controller may be a circuit, an application-
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specific integrated circuit or at least one processor.”

The controller 3030 may control the overall operation of the terminal 3000. The
controller 3030 may include at least one processor. The controller 3030 may control
the operation of the terminal described in embodiments of the disclosure. For example,
the controller 3030 may control a signal flow in the above-described flow diagram.

FIG. 31 is a diagram illustrating a base station according to an embodiment of the
disclosure.

Referring to FIG. 31, the base station 3100 may include a transceiver 3110 for
transmitting and receiving a signal, and a controller 3130. For example, when defining
a controller in the specification, it may be stated that “the controller may be a circuit,
an application-specific integrated circuit or at least one processor.”

The base station 3100 may transmit and/or receive signals, information, messages,
and the like through the transceiver 3110.

The controller 3130 may control the overall operation of the base station 3100. The
controller 3130 may include at least one processor. The controller 3130 may control
the operation of the base station described in embodiments of the disclosure. For
example, the controller 3130 may control a signal flow in the above-described flow
diagram.

<Third Embodiment>

Meanwhile, in a situation where a reference signal (hereinafter referred to as an idle
mode RS) for both an idle mode UE and a connected mode UE and a reference signal
(hereinafter referred to as a connected mode RS) for only the connected mode UE
coexist, a UE may perform an RRM measurement through the idle mode RS and then
(a) request the connected mode RS at an appropriate time or (b) report a connected
mode RS measurement result to a gNB when the gNB transmits the connected mode
RS at an appropriate time. The disclosure provides a related operation.

FIG. 32 is a flow diagram illustrating an initial access operation according to an em-
bodiment of the disclosure.

Referring to FIG. 32, in an RRC connection establishment procedure, the disclosure
proposes a method about (a) when the UE requests the gNB to transmit the connected
mode RS, (b) when the gNB transmits the connected mode RS, and (c) when the gNB
allocates a resource for the connected mode RS measurement report of the UE. This
operation proposed by the disclosure is based on FIG. 32.

That is, based on a random access procedure and an RRC connection procedure
shown in operations $S3210 to S3260 of FIG. 32, the UE may request transmission of
the connected mode RS, and the gNB may transmit the connected mode RS and
allocate a resource for the connected mode RS measurement report of the UE. Details

will be described below.
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<Request for connected mode RS>

The UE may request the gNB to transmit a connected mode RS through preamble
classification when transmitting a random access preamble at operation S3220.

For this, random access preambles are classified into two groups. If the UE transmits
the random access preamble belonging to one group, the gNB understands a request for
the connected mode RS. If the UE transmits the random access preamble belonging to
the other group, the gNB understands no request for the connected mode RS.

In case of requesting the connected mode RS, the UE continuously performs blind
decoding for physical downlink control channel (PDCCH) to know allocation in-
formation about a resource for transmission of the connected mode RS by the gNB and
a resource for transmission of a related measurement result report by the UE.

Alternatively, when transmitting an RRC connection request message at operation
53240, the UE may set a bit indicating a request for transmission of the connected
mode RS to 1 in the above message so as to request the gNB to transmit the connected
mode RS.

If the corresponding bit is set to 0, the gNB understands that the UE does not request
the transmission of the connected mode RS.

Alternatively, when transmitting an RRC connection setup complete message at
operation $S3260, the UE may set a bit indicating a request for transmission of the
connected mode RS to 1 in the above message so as to request the gNB to transmit the
connected mode RS.

<Allocation of connected mode RS resource>

When transmitting a random access response message at operation $3230, the gNB
allocates a resource for transmission of the connected mode RS in the above message.

Alternatively, when transmitting an RRC connection setup message at operation
53250, the gNB allocates a resource for transmission of the connected mode RS in the
above message.

Here, the allocated resource is a time/frequency resource and may be expressed as a
resource block index or the like.

Alternatively, the gNB allocates a resource for transmission of the connected mode
RS through a separate signal, for example, PDCCH downlink control information
(DCI).

<Allocation of connected mode RS measurement result feedback resource>

When transmitting the random access response message at operation S3230, the gNB
allocates a resource for reporting the connected mode RS measurement result in the
above message.

Alternatively, when transmitting the RRC connection setup message at operation

53250, the gNB allocates a resource for reporting the connected mode RS mea-
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surement result in the above message.

Alternatively, the gNB allocates a resource for reporting the connected mode RS
measurement result through a separate signal, for example, PDCCH DCI.

<Feedback of connected mode RS measurement result>

When transmitting the RRC connection request message at operation S3240, the UE
may insert information about the connected mode RS measurement result in the above
message.

Here, the connected mode RS measurement result includes N beam indexes with the
highest signal strength and corresponding signal strengths (RSRP or RSRQ) after the
connected mode RS measurement. Here, N may be set by the gNB through an RRC
message or the like.

Alternatively, when transmitting the RRC connection setup complete message at
operation $S3260, the UE may insert the connected mode RS measurement result in-
formation in the above message.

Alternatively, the UE transmits the connected mode RS measurement result in-
formation to the gNB through a separate signal, for example, a physical uplink control
channel (PUCCH), a physical uplink shared channel (PUSCH), or the like.

FIG. 33 is a flow diagram illustrating a handover operation according to an em-
bodiment of the disclosure.

Referring to FIG. 33, in a handover procedure, the disclosure proposes a method
about (a) when the UE requests the gNB to transmit the connected mode RS, (b) when
the gNB transmits the connected mode RS, and (c) when the gNB allocates a resource
for the connected mode RS measurement report of the UE. This operation proposed by
the disclosure is based on FIG. 33.

That is, based on the handover procedure shown in S3310 to S3370 of FIG. 33, the
UE may request transmission of the connected mode RS, and the gNB may transmit
the connected mode RS and allocate a resource for the connected mode RS mea-
surement report of the UE. Details will be described below.

<Request for connected mode RS>

When transmitting a measurement report at operation S3320, the UE sets a bit in-
dicating a request for transmission of the connected mode RS to 1 in the above
message so as to request the gNB to transmit the connected mode RS. The source gNB
and target gNB may initiate handover request and response at operation S3330.

Alternatively, when transmitting a random access preamble at operation S3350, the
UE requests the gNB to transmit the connected mode RS through the preamble classi-
fication.

Alternatively, when transmitting an RRC connection reconfiguration complete

message at operation S3370, the UE sets a bit indicating a request for transmission of



39

WO 2018/143727 PCT/KR2018/001456

[288]
[289]

[290]

[291]

[292]
[293]

[294]

[295]

[296]

[297]

[298]

[299]

[300]

[301]

the connected mode RS to 1 in the above message so as to request the gNB to transmit
the connected mode RS.

<Allocation of connected mode RS resource>

When transmitting an RRC connection reconfiguration (or mobility control in-
formation or handover command) message at operation S3340, the gNB allocates a
resource for transmission of the connected mode RS in the above message.

Alternatively, when transmitting a random access response message at operation
53360, the gNB allocates a resource for transmission of the connected mode RS in the
above message.

Alternatively, the gNB allocates a resource for transmission of the connected mode
RS through a separate signal, for example, PDCCH DCI.

<Allocation of connected mode RS measurement result feedback resource>

When transmitting the RRC connection reconfiguration (or mobility control in-
formation or handover command) message at operation S3340, the gNB allocates a
resource for reporting the connected mode RS measurement result in the above
message.

Alternatively, when transmitting the random access response message at operation
53360, the gNB allocates a resource for reporting the connected mode RS operation
measurement result in the above message.

Alternatively, the gNB allocates a resource for reporting the connected mode RS
measurement result through a separate signal, for example, PDCCH DCI.

<Feedback of connected mode RS measurement result>

When transmitting the RRC connection reconfiguration complete message at
operation S3370, the UE inserts the connected mode RS measurement result in-
formation in the above message.

Alternatively, the UE transmits the connected mode RS measurement result in-
formation to the gNB via a separate signal, for example, PUCCH, PUSCH, or the like.

According to still another example, the operation proposed by the disclosure is based
on FIG. 34.

FIG. 34 is a flow diagram illustrating an operation according to an embodiment of
the disclosure.

Referring to FIG. 34, at operation S3410 of transmitting an RRC connection setup
request, the UE may request the source gNB to receive an additional RS from the
target gNB. The source gNB may transmit a request for additional RS scheduling to
the target gNB at operation S3420, and may receive a response at operation $3430. Ac-
cordingly, the source gNB may transmit a response message to the UE at operation
53440 in response to the RRC connection setup request. This message may include

scheduling information for the additional RS. At this time, the additional RS may refer
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to, for example, a CSI-RS.

Therefore, the UE may receive the RS from the source gNB and the target gNB at
operations $3450 and $S3460.

The disclosure considers a system in which the gNB uses a synchronization signal
(SS) and a CSI-RS together. Here, the SS may include both a primary synchronization
signal (PSS) and a secondary synchronization signal (SSS). Also, the SS may
correspond to a cell-specific signal, and the CSI-RS may be a cell-specific signal, a
UE-specific signal, or a UE group-specific signal.

The disclosure considers a situation in which the UE initially accesses the gNB or
performs handover from the serving gNB to the target gNB. Also, the disclosure
considers a situation where the gNB uses an SS signal when determining whether the
UE performs the initial access or handover.

In this situation, the disclosure proposes a UE operation of promptly receiving al-
location of a beam to be used for data communication from an initially accessed gNB
or a handover target gNB. In general, a beam on which the SS is transmitted may be a
relatively wide beam so as to reduce the time required for beam sweeping or for any
other reason. However, a beam for transmission of the CSI-RS or data may be a
relatively narrow beam so as to obtain a high beamforming gain. Therefore, the gNB or
UE may determine, through the SS transmitted on the wide beam, whether to perform
the initial access or handover, and the UE may identify the narrow beam to be used for
data communication by receiving the CSI-RS from the accessed gNB or the target
gNB.

Also, because there is no idea of when the UE will access the gNB, the SS may be
regarded as an always-on signal which is always transmitted. However, the CSI-RS
may be an always-on signal or not, depending on the overhead of time and frequency
resources required for transmission. The disclosure assumes that the SS is an always-
on signal and the CSI-RS is not an always-on signal. That is, it is assumed that the
gNB may determine whether to transmit the CSI-RS.

The disclosure assumes that the SS is transmitted through a relatively wide beam and
the CSI-RS is transmitted through a relatively narrow beam. A mapping relationship
between the wide beam for SS transmission and the narrow beam for CSI-RS
transmission may be established in accordance with an antenna pattern of the gNB.
The disclosure assumes that this relationship is established. An example is as shown in
the following table.

[Table 11]



41

WO 2018/143727 PCT/KR2018/001456
[309] SS beam index. CSI-RS beam index.
1. 11, 12, 13, .., IN.
2. 21, 22, 23, ... 2N
Mapping between SS beam ;
and CSI-RS beam. 3 31, 32, 33, .., 3N
M. M1, M2, M3, ..., MN.
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The assumptions considered in the disclosure are as above. However, the disclosure
is not limited to the above and may be generalized in case of initial access and
handover in a system in which two kinds of RSs are used together.

FIGS. 35 to 41 are flow diagrams illustrating various methods for determining a
beam to be used for data transmission and reception in a handover process according to
embodiments of the disclosure;

Referring to FIG. 35, the operation of the disclosure will be described in a situation
where the UE performs handover from the serving gNB to the target gNB.

1. Referring to FIG. 35, the serving gNB provides measurement configuration in-
formation to the UE at operation S3510.

A. Here, the measurement configuration information includes a frequency to be
measured by the UE, a measurement report triggering condition, and the like.

2. The UE performs measurement, based on the measurement configuration in-
formation received from the serving gNB.

A. Here, the UE measures the signal strength or quality of the SS transmitted from
the serving gNB and the target gNB.

B. In the disclosure, it is assumed that each gNB transmits the SS while sweeping a
plurality of beams directed in different directions. Therefore, the UE may distinguish
the SSs transmitted through different beams from each other by means of the time and
frequency resources used for receiving the SSs.

3. If any event that the signal strength of the target gNB is greater than the signal
strength of the serving gNB by offset is detected at operation $3520 through a
comparison of signal strength, the UE transmits a measurement report to the serving
gNB at operation S3540.

A. In order to transmit the measurement report, the UE may transmit and receive a
scheduling request (SR), a buffer status report (BSR), an uplink (UL) grant, etc. to and
from the serving gNB at operation S3530.

B. Although the A3 event is described for example, the same principle may be
applied to other events.

4. When the measurement report is received from the UE, the serving gNB transmits
a handover request to the target gNB at operation S3550 to perform an admission
control.

A. If the target gNB can accept the UE, the target gNB transmits an acknowl-
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edgement (ACK) for the handover request to the serving gNB at operation S3550 and
provides information required for the UE to access the target gNB.

B. This information required for the UE to access the target gNB includes a dedicated
random access preamble (RAP) for the UE to synchronize uplink with the target gNB,
and a necessary C-RNTI for data transmission/reception between the UE and the target
gNB.

5. The serving gNB transmits a handover command to the UE at operation S3560 to
provide information necessary for the UE to access the target gNB.

A. Here, the handover command may include the dedicated RAP and the C-RNTI
received from the target gNB through the handover request ACK.

6. Based on information included in the handover command, the UE transmits a RAP
to the target gNB at operation $3570.

A. This is an operation of the UE for controlling transmission (TX) timing and power
to perform uplink transmission/reception with the target gNB.

7. After receiving the RAP from the UE, the target gNB transmits a random access
response (RAR) to the UE at operation S3580.

A. After receiving the RAP, the target gNB notifies a TX timing and power adjusting
level to the UE through the RAR and, if necessary, requests the UE to transmit the
RAP again. After this uplink synchronization, the target gNB allocates an uplink (UL)
grant at operation S3580 so that the UE can transmit a handover confirm.

8. The UE with the uplink synchronization receives the RAR and transmits the
handover confirm to the target gNB through the UL grant included in the RAR at
operation S3590.

A. Through this, the UE completes the handover from the serving gNB to the target
gNB.

The above handover operation is designed for a situation where the gNB uses only
one RS. This is not suitable for a situation considered in the disclosure, i.e., a situation
where the determination of whether to perform handover is based on the SS
transmitted on a wide beam, but the actual data transmission/reception uses a narrow
beam. Unsuitableness is because the UE fails to determine a narrow beam to be used
for transmitting and receiving data to and from the target gNB despite the completion
of handover.

In the disclosure, the UE determines whether to perform a handover, through the
measurement of the SS transmitted on a wide beam, and then performs the mea-
surement of the CSI-RS transmitted on a narrow beam during the handover procedure
so as to find as soon as possible the narrow beam to be used with the target gNB.
Hereinafter, various embodiments will be described.

[Handover: proposed 1]
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Referring to FIG. 36, an embodiment of Handover: proposed 1 will be described.

1. The serving gNB provides measurement configuration information to the UE at
operation S3610.

2. The UE performs measurement, based on the measurement configuration in-
formation received from the serving gNB.

A. Here, the UE measures the signal strength or quality of the SS transmitted from
the serving gNB and the target gNB.

3. If any event that the signal strength of the target gNB is greater than the signal
strength of the serving gNB by offset is detected at operation S3620 through a
comparison of signal strength, the UE transmits a measurement report to the serving
gNB at operation S3640.

4. When the measurement report is received from the UE, the serving gNB transmits
a handover request to the target gNB at operation S3650 to perform an admission
control.

5. The serving gNB transmits a handover command to the UE at operation S3660 to
provide information necessary for the UE to access the target gNB.

6. Based on information included in the handover command, the UE transmits a RAP
to the target gNB at operation $3670.

A. Here, the target gNB may receive the RAP of the UE while sweeping a wide beam
used to transmit the SS. In this case, the target gNB memorizes a wide beam used to
receive the RAP of the UE and uses it at the next step. If the target gNB receives the
RAP of the UE through a plurality of wide beams, the target gNB memorizes a wide
beam having the highest signal strength and uses it at the next step.

7. After receiving the RAP from the UE, the target gNB transmits a RAR to the UE
at operation S3680.

A. After receiving the RAP, the target gNB notifies a TX timing and power adjusting
level to the UE through the RAR and, if necessary, requests the UE to transmit the
RAP again. After this uplink synchronization, the target gNB allocates a UL grant so
that the UE can transmit a handover confirm.

B. Additionally, in the disclosure, the target gNB transmits CSI-RS configuration in-
formation 3600 together with the RAR to the UE. The details of the CSI-RS con-
figuration information will be described after the entire operation description.

8. The target gNB transmits at operation S3690 the CSI-RS through a plurality of
narrow beams corresponding to the wide beam used for receiving the RAP.

9. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the target gNB.

10. The UE with the uplink synchronization receives the RAR and transmits the
handover confirm to the target gNB through the UL grant included in the RAR at
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[350] A. When transmitting the handover confirm, the UE also transmits feedback 3601 of
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a measurement result for the CSI-RS. At this time, the UE utilizes the UL grant
included in the RAR.

B. Through this, the UE completes the handover from the serving gNB to the target
gNB.

11. Based on the CSI-RS feedback of the UE, the target gNB selects a narrow beam
to be used by the UE and notifies it to the UE at operation S3692.

In the disclosure, the target gNB provides the CSI-RS configuration information to
the UE. This is similar to the CSI-RS configuration information used in LTE. Addi-
tionally, the target gNB needs to inform the UE about beam information for
transmission of the CSI-RS. Accordingly, the target gNB may insert the SS beam in-
formation used for receiving the RAP in the CSI-RS configuration information, or may
insert the corresponding CSI-RS beam information. Tables 11 and 12 below show
examples of the CSI-RS configuration information that includes antenna port in-
formation, time and frequency resource information, subframe information, power in-
formation, wide SS beam information used for reception of the RAP, narrow SS beam
information to be used for transmission of the CSI-RS, a CSI-RS transmission period,
and a CSI-RS configuration valid time.

[Table 12]

- CSI-RS~Config

The IE C5/-RS-Config is used to specify the CSI (Channel-State Information) reference
signal configuration..

CSI-RS-Config information elements.
- RSNISTART.

CEI-RS-Config-rid ::= SEQUENCE  {-

€53 ~RS~riQ CHOICE (-~

reileass NULL, »

setup SEQUENCE {«
antennabPortaCount-rlo ENUMERATED {ani, an2, and, anfi},«
resourceConfig-xrio INTEGER (0..31),«
subframeConfig-ri0 INTEGER (D..154),.
pC-r10 INTEGER (~8..15),«
ssBeamindex INTEGER (0..258),-
csiBeamSet Index INTEGER (0..255),«
csiBeamPeriodicity INTEGER (0..15),~
cgiBeanVal idTime INTEGER (0..255)

Yo
¥ OPFTIONAL, -

Need ONo

3

- BSN1STOP.
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1- CSI-RS-Config field descriptions.
s antennaPortsCount.
Parameter represents the number of antenna ports used for transmission of C81 reference signals where value ant
_ corresponds to 1 antenna port, an2 to 2 antenna ports and so on, see TS 36.211 [21, 6.10.5).-
«nC.
Parameter; L., see TS 36.213 (23, 7.2.5). The UE shalt ignore p-C-r10 if configured with eM/MO-Type unless it is set
to beamformed, altemaltiveCodebookEnabledBeamformed is set to FALSE and csi-RS-ConfigNZPldListExtis not
~ configured..
»resourceConfig.
~ Parameter. CSl reference signal configuration, see TS 36.211 [21, table 6.10.5.2-1 and 6.10.5.2-2)..
=subframeConfig.
Parameter; /.._xo, se€ TS 36.211 [21. table 6.10.5.3-1]..
=ssBeamindex.
The S8 beam that gNB receives the RAP from UE. A set of CSI-RSs that correspond to the SS will be transmitted by
the gNB...
scsiBeamSetindex.
~ Aset of CSI-RS beams that correspond to the SS beam on which gNB receives the RAP from UE..
scsiBeamPeriodicity.-
The transmission period of CSI-RS. its unit can be subframe. second and so on..
=csiBeamValidTime.
The valid time during which the CSI-RS configuration is valid. Its unit can be subframe, second and so on..

Tables 13 to 16 below show methods for determining the CSI-RS transmission
period, offset, and resource location in the CSI-RS configuration information used in
the disclosure. The CSI-RS transmission period, offset, resource location, and power
information (p-C) may be determined according to the CSI-RS configuration in-
formation and the following tables.

[Table 13] CSI reference signal subframe configuration

CSI-RS periodicity Tog <) CSI-RS subframe offset Ang oo
FOOHRS btiameContl fox-se- ubtames). (subfiames).
. 0-4. 5 logrops®
. 5-14. 10- Togogs 5+
" 15-34. 20. ICSI-RS -15.
" 35-74. 40 loggs =33+
. 75 - 154. 80. JA

[Table 14]Mapping from CSI reference signal configuration to (k’, 1’) for normal

cyclic prefix
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[361] CSIRS Number of CSI reference signals configured
config. 1or2 4
Normal Special Normal Special Normal Special
subframe subframe subframe subframe subframe subframe
o) | | e) | )| Gead) | | Ge) | m| Ged) | m| Ged) | A
0 B85 0] (95 | 0] @5 0] 05 |01 @85 [0 85 |0
1 (112) 11 (15 |0 (1) {1 (115 [ 0] (119 [ 1] (115 | 0
7 92 1] @82 |1 @2 |11 @2 | 1 B2 (1] @92 |1
3 T [T [0 Uy 3o 0T a3y |0
4 95 |1 @95 7 G5 [ 1
5 (8.5) 0 {8.9) 0 (8,5 0 (8.5) 0
5 (102 | 1] (05 | 0] (102 | 1| (105 | O
7 82 | 1] 62 [ 1] B2 | 1| B2 |1
8 62) [ 1] (65 [0 62 [ 1] 65 |0
3 85 | 1 85 | 1
10 B35 |0] B35 [0
ik 25 |0 (25 |0
2 52 | 1] B5 |0
13 @2 [ 1] @5 [0
13 B2 171732 |1
15 (2.2) 1 2.2 1
6 A2 [ 1] (5 |0
7 02 1T (05 [0
18 35 |1
19 25 |1
20 (1.4 | 1 art1 |1 arn | 1
21 @87 |1 1 | 1 @1 [ 1
77 7 |1 7 |1 TN | 1
73 D 01y |1
24 @1 [ 1 @1 | 1
25 61 | 1 ©1 | 1
76 G4 | 1
27 @iy |1
73 B | 1
29 @Zn |1
30 an |1
31 o7 |1
[362] Note: n,’=n, mod 2. Configurations O - 19 for normal subframes are available for

frame structure types 1, 2 and 3. Configurations 20 - 31 and configurations for special
subframes are available for frame structure type 2 only.
[363] [Table 15]Mapping from CSI reference signal configuration to (k’, 1’) for extended

cyclic prefix.
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[364] CSIRS Number of CSI reference signals configured

config. 1or2 4 8
Normal Special Normal Special Nommal Special
subframe subframe subframe subframe Subframe subframe
wr) | m| ) | m| W) || )| ] W) | n| W) | n

0 (114) ] 0 (11,4) 0 (11.4) 01(1141] 0 (11.4) 0 (11.4) 0

1 94) |0 (9.4) 0 (8.4) 0] 94 |0 (9.4) 0 9.4) 0

2 (10.4) | 1 (10,4) 1 (10,4) 1

3 (9.4) 1 (9.4) 1 9.4) 1

4 (5.4) 0 (5.4) 0 5.4) 0 5.4) 0

5 34) | 0 (3,4) 0 3.4) 0] B4 1|0

6 4.4) 1 4.4) 1

7 (3.4) 1 (3.4) 1

8 (84) [ 0 (8.4) 0

9 64) | 0 (6,4) 0

10 24) | 0 (2,4) 0

K 04 [ 0] 04 |0

12 74 |1

13 6.4) | 1

14 (1.4) 1

15 04 T

16 A ] 1] 0 | 1] 0y 110 1] n |1 gty |1

7 (0 | 1] (0 | 1 00 | 1 ]@0n | 1] 0.0 | 1| (0.9 | 1

8 @n | 1] @n | 1 GhH | 1] @GN ]| 1] @ T 00 |1

19 GO 1] GO |11 60 [ 11601

20 @) 1| @1 |1 @1 [ 1] @&n |1

21 R I ) M 6 ) I I I

22 (8.1) 1 (8.1) 1

73 G 11 7n | 1

24 (6.1) 1 {6.1) 1

25 ChH 1] 2n |1

26 (1.7) 1 (1,1 1

27 0% | 1] @1 | 1

[365]

[366]
[367]

[368]

[369]

Note: n’=n, mod 2. Configurations O - 15 for normal subframes are available for
both frame structure type 1 and type 2. Configurations 16 - 27 and configurations for
special subframes are available for frame structure type 2 only.

[Table 16]

Pc in CSI-RS-Config- .
- UEassumption on reference PDSCH transmitted power for CSI feedback 7. . if the UE is configured in
transmissionmode 9. -

- UE assumptionon reference PDSCH transmitted power for CSIfeedback £, foreach CSIprocess, ifthe
UE is configured in transmissionmode 10. IfCSI subframe sets Ciogyy and Cigy ) areconfigured by

higher layers for a CSI process, £ is configured for each CSIsubframe set of the CSI process.«

In addition, in the disclosure, the UE transmits the feedback 3601 of a measurement
result for the CSI-RS to the target gNB. Table 17 below shows the contents of
feedback by the UE.

[Table 17]
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[380]

Contents of CSI-RS feedback.

For each measurement, the following information is sent to the target gNB.- |

Resource index- Based on the time-frequency resources, the UE |
can identify the beam on which CSI-RS is

received-

Subframe index. Based on the subframe, the UE can identify the |

beam on which CSI-RS is received.

Antenna port index. Based on the antenna port, the UE can identify the |
beam on which CSI-RS is received-
CSI-RS beam index. Based on the beam index (if it is included in CSI- |
RS), the UE can identify the beam on which CSI-

RS is received.

RSRP (or RSRQ)- RSRP (or RSRQ) measured by CSI-RS:

[Handover: proposed 2]

Referring to FIG. 37, an embodiment of Handover: proposed 2 will be described.

1. The serving gNB provides measurement configuration information to the UE at
operation S3710.

2. The UE performs measurement, based on the measurement configuration in-
formation received from the serving gNB.

A. Here, the UE measures the signal strength or quality of the SS transmitted from
the serving gNB and the target gNB.

3. If any event that the signal strength of the target gNB is greater than the signal
strength of the serving gNB by offset is detected at operation S3720 through a
comparison of signal strength, the UE transmits a measurement report to the serving
gNB at operation S3740.

4. When the measurement report is received from the UE, the serving gNB transmits
a handover request to the target gNB at operation S3750 to perform an admission
control.

5. The serving gNB transmits a handover command to the UE at operation S3760 to
provide information necessary for the UE to access the target gNB.

6. Based on information included in the handover command, the UE transmits a RAP
to the target gNB at operation $3770.

A. Here, the target gNB may receive the RAP of the UE while sweeping a wide beam
used to transmit the SS. In this case, the target gNB memorizes a wide beam used to

receive the RAP of the UE and uses it at the next step. If the target gNB receives the



49

WO 2018/143727 PCT/KR2018/001456

[381]

[382]

[383]

[384]

[385]

[386]

[387]

[388]

[389]

[390]

[391]

[392]

[393]

[394]

[395]

[396]

RAP of the UE through a plurality of wide beams, the target gNB memorizes a wide
beam having the highest signal strength and uses it at the next step.

7. After receiving the RAP from the UE, the target gNB transmits a RAR to the UE
at operation S3780.

A. After receiving the RAP, the target gNB notifies a TX timing and power adjusting
level to the UE through the RAR and, if necessary, requests the UE to transmit the
RAP again. After this uplink synchronization, the target gNB allocates a UL grant so
that the UE can transmit a handover confirm.

B. Additionally, in the disclosure, the target gNB transmits CSI-RS configuration in-
formation 3700 together with the RAR to the UE. The details of the CSI-RS con-
figuration information are as described above.

8. The target gNB transmits at operation S3790 the CSI-RS through a plurality of
narrow beams corresponding to the wide beam used for receiving the RAP.

9. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the target gNB.

10. The UE with the uplink synchronization receives the RAR and transmits the
handover confirm to the target gNB through the UL grant included in the RAR at
operation S3791.

A. Through this, the UE completes the handover from the serving gNB to the target
gNB.

11. The target gNB allocates a UL grant for feedback of a CSI-RS measurement
result to the UE at operation S3792.

12. Using the allocated UL grant, the UE transmits the feedback of the CSI-RS mea-
surement result to the target gNB at operation S3793.

13. Based on the CSI-RS feedback of the UE, the target gNB selects a narrow beam
to be used by the UE and notifies it to the UE at operation S3794.

[Handover: proposed 3]

Referring to FIG. 38, an embodiment of Handover: proposed 3 will be described.

1. The serving gNB provides measurement configuration information to the UE at
operation S3810.

2. The UE performs measurement, based on the measurement configuration in-
formation received from the serving gNB.

A. Here, the UE measures the signal strength or quality of the SS transmitted from
the serving gNB and the target gNB.

3. If any event that the signal strength of the target gNB is greater than the signal
strength of the serving gNB by offset is detected at operation S3820 through a
comparison of signal strength, the UE transmits a measurement report to the serving
gNB at operation S3840.
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4. When the measurement report is received from the UE, the serving gNB transmits
a handover request to the target gNB at operation S3850 to perform an admission
control.

A. In the disclosure, the serving gNB delivers information contained in the mea-
surement report to the target gNB. This information includes an SS beam index of the
target gNB measured by the UE and corresponding signal strength.

B. Also, the target gNB determines CSI-RS configuration, based on the measurement
report received from the serving gNB, and then delivers it to the serving gNB through
a handover request ACK.

5. The serving gNB transmits a handover command to the UE at operation S3860 to
provide information necessary for the UE to access the target gNB.

A. Additionally, in the disclosure, the serving gNB transmits CSI-RS configuration
information 3800 together with the handover command to the UE. The details of the
CSI-RS configuration information are as described above.

6. Based on information included in the handover command, the UE transmits a RAP
to the target gNB at operation $3870.

A. Here, the target gNB may receive the RAP of the UE while sweeping a wide beam
used to transmit the SS. In this case, the target gNB memorizes a wide beam used to
receive the RAP of the UE and uses it at the next step. If the target gNB receives the
RAP of the UE through a plurality of wide beams, the target gNB memorizes a wide
beam having the highest signal strength and uses it at the next step.

7. After receiving the RAP from the UE, the target gNB transmits a RAR to the UE
at operation S3880.

A. After receiving the RAP, the target gNB notifies a TX timing and power adjusting
level to the UE through the RAR and, if necessary, requests the UE to transmit the
RAP again. After this uplink synchronization, the target gNB allocates a UL grant so
that the UE can transmit a handover confirm.

B. Additionally, in the disclosure, the target gNB transmits CSI-RS configuration in-
formation 3600 together with the RAR to the UE. The details of the CSI-RS con-
figuration information will be described after the entire operation description.

8. The target gNB transmits at operation S3890 the CSI-RS through a plurality of
narrow beams corresponding to the wide beam used for receiving the RAP.

9. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the target gNB.

10. The UE with the uplink synchronization receives the RAR and transmits the
handover confirm to the target gNB through the UL grant included in the RAR at
operation S3891.

A. When transmitting the handover confirm, the UE also transmits feedback 3801 of
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a measurement result for the CSI-RS. At this time, the UE utilizes the UL grant
included in the RAR.

B. Through this, the UE completes the handover from the serving gNB to the target
gNB.

11. Based on the CSI-RS feedback of the UE, the target gNB selects a narrow beam
to be used by the UE and notifies it to the UE at operation S3892.

[Handover: proposed 4]

Referring to FIG. 39, an embodiment of Handover: proposed 4 will be described.

1. The serving gNB provides measurement configuration information to the UE at
operation S3910.

2. The UE performs measurement, based on the measurement configuration in-
formation received from the serving gNB.

A. Here, the UE measures the signal strength or quality of the SS transmitted from
the serving gNB and the target gNB.

3. If any event that the signal strength of the target gNB is greater than the signal
strength of the serving gNB by offset is detected at operation $3920 through a
comparison of signal strength, the UE transmits a measurement report to the serving
gNB at operation S3940.

4. When the measurement report is received from the UE, the serving gNB transmits
a handover request to the target gNB at operation S3950 to perform an admission
control.

A. In the disclosure, the serving gNB delivers information contained in the mea-
surement report to the target gNB. This information includes an SS beam index of the
target gNB measured by the UE and corresponding signal strength.

B. Also, the target gNB determines CSI-RS configuration, based on the measurement
report received from the serving gNB, and then delivers it to the serving gNB through
a handover request ACK.

5. The serving gNB transmits a handover command to the UE at operation S3960 to
provide information necessary for the UE to access the target gNB.

A. Additionally, in the disclosure, the serving gNB transmits CSI-RS configuration
information 3900 together with the handover command to the UE. The details of the
CSI-RS configuration information are as described above.

6. The target gNB transmits at operation S3970 the CSI-RS through a plurality of
narrow beams corresponding to a wide beam having the highest signal strength
measured by the UE and contained in the measurement report.

7. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the target gNB.

8. Based on information included in the handover command, the UE transmits a RAP
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to the target gNB at operation $3980.

9. After receiving the RAP from the UE, the target gNB transmits a RAR to the UE
at operation S3990.

A. After receiving the RAP, the target gNB notifies a TX timing and power adjusting
level to the UE through the RAR and, if necessary, requests the UE to transmit the
RAP again. After this uplink synchronization, the target gNB allocates a UL grant so
that the UE can transmit a handover confirm.

10. The UE with the uplink synchronization receives the RAR and transmits the
handover confirm to the target gNB through the UL grant included in the RAR at
operation S3991.

A. When transmitting the handover confirm, the UE also transmits feedback 3901 of
a measurement result for the CSI-RS. At this time, the UE utilizes the UL grant
included in the RAR.

B. Through this, the UE completes the handover from the serving gNB to the target
gNB.

11. Based on the CSI-RS feedback of the UE, the target gNB selects a narrow beam
to be used by the UE and notifies it to the UE at operation S3992.

[Handover: proposed 5]

Referring to FIG. 40, an embodiment of Handover: proposed 5 will be described.

1. The serving gNB provides measurement configuration information to the UE at
operation S4010.

2. The UE performs measurement, based on the measurement configuration in-
formation received from the serving gNB.

A. Here, the UE measures the signal strength or quality of the SS transmitted from
the serving gNB and the target gNB.

3. If any event that the signal strength of the target gNB is greater than the signal
strength of the serving gNB by offset is detected at operation S4020 through a
comparison of signal strength, the UE transmits a measurement report to the serving
gNB at operation S4040.

4. When the measurement report is received from the UE, the serving gNB transmits
a handover request to the target gNB at operation S4050 to perform an admission
control.

A. In the disclosure, the serving gNB delivers information contained in the mea-
surement report to the target gNB. This information includes an SS beam index of the
target gNB measured by the UE and corresponding signal strength.

B. Also, the target gNB determines CSI-RS configuration, based on the measurement
report received from the serving gNB, and then delivers it to the serving gNB through
a handover request ACK.
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5. The serving gNB transmits a handover command to the UE at operation S4060 to
provide information necessary for the UE to access the target gNB.

A. Additionally, in the disclosure, the serving gNB transmits CSI-RS configuration
information 4000 together with the handover command to the UE. The details of the
CSI-RS configuration information are as described above.

6. Based on information included in the handover command, the UE transmits a RAP
to the target gNB at operation $4070.

A. Here, the target gNB may receive the RAP of the UE while sweeping a wide beam
used to transmit the SS. In this case, the target gNB memorizes a wide beam used to
receive the RAP of the UE and uses it at the next step. If the target gNB receives the
RAP of the UE through a plurality of wide beams, the target gNB memorizes a wide
beam having the highest signal strength and uses it at the next step.

7. After receiving the RAP from the UE, the target gNB transmits a RAR to the UE
at operation S4080.

A. After receiving the RAP, the target gNB notifies a TX timing and power adjusting
level to the UE through the RAR and, if necessary, requests the UE to transmit the
RAP again. After this uplink synchronization, the target gNB allocates a UL grant so
that the UE can transmit a handover confirm.

B. Additionally, in the disclosure, the RAR contains an indicator 4001 for instructing
the UE on CSI-RS measurement.

8. If the CSI-RS measurement instruction indicator contained in the RAR is set to 1,
the target gNB transmits at operation S4090 the CSI-RS through a plurality of narrow
beams corresponding to a wide beam used for receiving the RAP.

A. If the CSI-RS measurement instruction indicator contained in the RAR is set to O,
the target gNB does not transmit the CSI-RS.

9. In addition, if the CSI-RS measurement instruction indicator contained in the RAR
is set to 1, the UE measures the signal strength or quality of the CSI-RS transmitted by
the target gNB, based on the CSI-RS configuration information transmitted together
with the handover command.

A. If the CSI-RS measurement instruction indicator contained in the RAR is set to O,
the UE does not perform an operation related to the CSI-RS measurement since the
target gNB does not transmit the CSI-RS.

10. The UE with the uplink synchronization receives the RAR and transmits the
handover confirm to the target gNB through the UL grant included in the RAR at
operation S4091.

A. When transmitting the handover confirm, the UE also transmits feedback 4002 of
a measurement result for the CSI-RS. At this time, the UE utilizes the UL grant
included in the RAR.
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B. Through this, the UE completes the handover from the serving gNB to the target
gNB.

11. Based on the CSI-RS feedback of the UE, the target gNB selects a narrow beam
to be used by the UE and notifies it to the UE at operation S4092.

[Handover: proposed 6]

Referring to FIG. 41, an embodiment of Handover: proposed 6 will be described.

1. The serving gNB provides measurement configuration information to the UE at
operation S4110.

2. The UE performs measurement, based on the measurement configuration in-
formation received from the serving gNB.

A. Here, the UE measures the signal strength or quality of the SS transmitted from
the serving gNB and the target gNB.

3. If any event that the signal strength of the target gNB is greater than the signal
strength of the serving gNB by offset is detected at operation S4120 through a
comparison of signal strength, the UE transmits a measurement report to the serving
gNB at operation S4140.

4. When the measurement report is received from the UE, the serving gNB transmits
a handover request to the target gNB at operation S4150 to perform an admission
control.

A. In the disclosure, the serving gNB delivers information contained in the mea-
surement report to the target gNB. This information includes an SS beam index of the
target gNB measured by the UE and corresponding signal strength.

B. Also, the target gNB determines CSI-RS configuration, based on the measurement
report received from the serving gNB, and then delivers it to the serving gNB through
a handover request ACK.

5. The serving gNB transmits a handover command to the UE at operation S4160 to
provide information necessary for the UE to access the target gNB.

A. Additionally, in the disclosure, the serving gNB transmits CSI-RS configuration
information 4100 together with the handover command to the UE. The details of the
CSI-RS configuration information are as described above.

6. Based on information included in the handover command, the UE transmits a RAP
to the target gNB at operation S4170.

A. Here, the target gNB may receive the RAP of the UE while sweeping a wide beam
used to transmit the SS. In this case, the target gNB memorizes a wide beam used to
receive the RAP of the UE and uses it at the next step. If the target gNB receives the
RAP of the UE through a plurality of wide beams, the target gNB memorizes a wide
beam having the highest signal strength and uses it at the next step.

7. After receiving the RAP from the UE, the target gNB transmits a RAR to the UE
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at operation S4180.

A. After receiving the RAP, the target gNB notifies a TX timing and power adjusting
level to the UE through the RAR and, if necessary, requests the UE to transmit the
RAP again. After this uplink synchronization, the target gNB allocates a UL grant so
that the UE can transmit a handover confirm.

B. Additionally, in the disclosure, using the RAR, the target gNB may instruct the
UE to measure subset 4101 only of CSI-RS transmission resources specified in the
CSI-RS configuration.

C. Here, the target gNB may restrict the antenna port for transmission of the CSI-RS
in information included in the CSI-RS configuration through the RAR and notify this
restriction to the UE. For example, even if the previously transmitted CSI-RS con-
figuration indicates four antenna ports, the target gNB may inform, through the RAR,
the UE that the CSI-RS will be transmitted using only two antenna ports.

D. In addition, even if the previously transmitted CSI-RS configuration indicates M
SS beams or CSI-RS beam sets, the target gNB may inform, through the RAR, the UE
that the CSI-RS will be transmitted for only N (<M) SS beams or CSI-RS beam sets.

E. In addition, even if the previously transmitted CSI-RS configuration indicates M
resource blocks, the target gNB may inform, through the RAR, the UE that the CSI-RS
will be transmitted using only N (<M) resource blocks.

F. In addition, even if the previously transmitted CSI-RS configuration indicates M
subframes as a period, the target gNB may inform, through the RAR, the UE that the
CSI-RS will be transmitted actually at a period of N (<M) subframes.

G. In the disclosure, the CSI-RS configuration information is transmitted together
with the handover command. At this time, the target gNB determines the CSI-RS con-
figuration, based on the signal strength of the target gNB contained in the measurement
report, and transmits it to the UE. However, the UE transmits the uplink RAP to the
target gNB after receiving the handover command, so that the target gNB can more
exactly identify the CSI-RS beam set corresponding to the SS beam for transmission of
the CSI-RS. Therefore, in the disclosure, the target gNB may use a part of CSI-RS
transmission resources included in the CSI-RS configuration information so as to
transmit the CSI-RS beam set corresponding to the RAP receiving SS beam.

8. The target gNB transmits at operation S4190 the CSI-RS through a plurality of
narrow beams corresponding to a wide beam used for receiving the RAP.

A. Here, the CSI-RS may be transmitted using only a part of the CSI-RS
transmission resources specified in the CSI-RS configuration, as instructed to the UE
in the RAR.

9. The UE measures the signal strength or quality of the CSI-RS transmitted by the
target gNB, based on CSI-RS subset information 4101 contained in the RAR as well as
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the CSI-RS configuration information transmitted together with the handover
command.

10. The UE with the uplink synchronization receives the RAR and transmits the
handover confirm to the target gNB through the UL grant included in the RAR at
operation S4191.

A. When transmitting the handover confirm, the UE also transmits feedback 4102 of
a measurement result for the CSI-RS. At this time, the UE utilizes the UL grant
included in the RAR.

B. Through this, the UE completes the handover from the serving gNB to the target
gNB.

11. Based on the CSI-RS feedback of the UE, the target gNB selects a narrow beam
to be used by the UE and notifies it to the UE at operation S4192.

Next, the operation of the disclosure will be described in a situation where the idle
mode UE initially accesses the gNB. An initial access operation is as follows.

[Initial access]

FIG. 42 is a flow diagram illustrating a random access operation according to an em-
bodiment of the disclosure.

Referring to FIG. 42, the initial access operation will be described.

1. While performing reception (RX) beam sweeping, the UE measures the signal
strength or quality of each beam for the SS transmitted by the gNB through TX beam
sweeping.

2. When the SS is measured, the UE transmits an RAP toward one or more gNB
beams having the greatest signal strength at operation S4210.

3. When the RAP is received, the gNB transmits an RAR to the UE by using one or
more gNB beams having the greatest signal strength at operation S4220.

A. The RAR contains a UL grant so that the UE can transmit an RRC connection
request.

4. After receiving the RAR, the UE transmits the RRC connection request to the gNB
through the UL grant contained in the RAR at operation S4230.

5. After receiving the RRC connection request from the UE, the gNB transmits an
RRC connection setup to the UE at operation S4240.

6. After receiving the RRC connection setup from the gNB, the UE transmits an RRC
connection setup complete to the gNB at operation S4250.

A. Through this, the UE completes the initial access to the gNB.

Since the above operation is the same as the initial access operation defined in LTE,
detailed description of each message is omitted. This initial access operation is

designed for a situation where the gNB uses only one RS. This is not suitable for a



57

WO 2018/143727 PCT/KR2018/001456

[499]

[500]

[501]
[502]
[503]
[504]
[505]

[506]

[507]

[508]

[509]

[510]

[511]

[512]

situation considered in the disclosure, i.e., a situation where the determination of
whether to perform the initial access is based on the SS transmitted on a wide beam,
but the actual data transmission/reception uses a narrow beam. Unsuitableness is
because the UE fails to determine a narrow beam to be used for transmitting and
receiving data to and from the gNB despite the completion of the initial access.

In the disclosure, the UE determines whether to perform the initial access, through
the measurement of the SS transmitted on a wide beam, and then performs the mea-
surement of the CSI-RS transmitted on a narrow beam during the initial access
procedure so as to find as soon as possible the narrow beam to be used with the gNB.
Hereinafter, various embodiments will be described.

FIGS. 43 to 47 are flow diagrams illustrating various methods for determining a
beam to be used for data transmission and reception in a random access process
according to various embodiments of the disclosure.

[Initial access: proposed 1]

Referring to FIG. 43, an embodiment of Initial access: proposed 1 will be described.

1. While performing RX beam sweeping, the UE measures the signal strength or
quality of each beam for the SS transmitted through TX beam sweeping by the gNB.

2. When the SS is measured, the UE transmits an RAP toward one or more gNB
beams having the greatest signal strength at operation S4310.

3. When the RAP is received, the gNB transmits an RAR to the UE by using one or
more gNB beams having the greatest signal strength at operation S4320.

A. The RAR contains a UL grant so that the UE can transmit an RRC connection
request.

B. Additionally, in the disclosure, CSI-RS configuration information 4300 is
transmitted together with the RAR to the UE. The details of the CSI-RS configuration
information are as described above.

4. The gNB transmits at operation S4330 the CSI-RS through a plurality of narrow
beams corresponding to a wide beam used for receiving the RAP or corresponding to a
beam having the greatest signal strength among wide beams used for receiving the
RAP.

5. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the gNB.

6. After receiving the RAR, the UE transmits the RRC connection request to the gNB
through the UL grant contained in the RAR at operation S4340.

A. When transmitting the RRC connection request, the UE further transmits feedback
4301 of a CSI-RS measurement result.

7. After receiving the RRC connection request from the UE, the gNB transmits an
RRC connection setup to the UE at operation S4350.
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A. Here, the RRC connection setup may be transmitted using a beam having the
greatest signal strength from among a narrow beam included in the CSI-RS feedback
and a wide beam used for transmitting the RAR.

8. After receiving the RRC connection setup from the gNB, the UE transmits an RRC
connection setup complete to the gNB at operation S4360.

A. Through this, the UE completes the initial access to the gNB.

[Initial access: proposed 2]

Referring to FIG. 44, an embodiment of Initial access: proposed 2 will be described.

1. While performing RX beam sweeping, the UE measures the signal strength or
quality of each beam for the SS transmitted through TX beam sweeping by the gNB.

2. When the SS is measured, the UE transmits an RAP toward one or more gNB
beams having the greatest signal strength at operation S4410.

3. When the RAP is received, the gNB transmits an RAR to the UE by using one or
more gNB beams having the greatest signal strength at operation S4420.

A. The RAR contains a UL grant so that the UE can transmit an RRC connection
request.

B. Additionally, in the disclosure, CSI-RS configuration information 4400 is
transmitted together with the RAR to the UE. The details of the CSI-RS configuration
information are as described above.

4. The gNB transmits at operation S4430 the CSI-RS through a plurality of narrow
beams corresponding to a wide beam used for receiving the RAP or corresponding to a
beam having the greatest signal strength among wide beams used for receiving the
RAP.

5. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the gNB.

6. After receiving the RAR, the UE transmits the RRC connection request to the gNB
through the UL grant contained in the RAR at operation S4440.

7. After receiving the RRC connection request from the UE, the gNB transmits an
RRC connection setup to the UE at operation S4450.

8. After receiving the RRC connection setup from the gNB, the UE transmits an RRC
connection setup complete to the gNB at operation S4460.

A. When transmitting the RRC connection setup complete, the UE further transmits
feedback 4401 of a CSI-RS measurement result.

B. Through this, the UE completes the initial access to the gNB.

[Initial access: proposed 3]

Referring to FIG. 45, an embodiment of Initial access: proposed 3 will be described.

1. While performing RX beam sweeping, the UE measures the signal strength or
quality of each beam for the SS transmitted through TX beam sweeping by the gNB.
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[533] 2. When the SS is measured, the UE transmits an RAP toward one or more gNB
beams having the greatest signal strength at operation S4510.

[534] 3. When the RAP is received, the gNB transmits an RAR to the UE by using one or
more gNB beams having the greatest signal strength at operation S4520.

[535] A. The RAR contains a UL grant so that the UE can transmit an RRC connection
request.

[536] B. Additionally, in the disclosure, CSI-RS configuration information 4500 is
transmitted together with the RAR to the UE. The details of the CSI-RS configuration
information are as described above.

[537] 4. The gNB transmits at operation S4530 the CSI-RS through a plurality of narrow
beams corresponding to a wide beam used for receiving the RAP or corresponding to a
beam having the greatest signal strength among wide beams used for receiving the
RAP.

[538] 5. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the gNB.

[539] 6. After receiving the RAR, the UE transmits the RRC connection request to the gNB
through the UL grant contained in the RAR at operation S4540.

[540] 7. After receiving the RRC connection request from the UE, the gNB transmits an
RRC connection setup to the UE at operation S4550.

[541] 8. After receiving the RRC connection setup from the gNB, the UE transmits an RRC
connection setup complete to the gNB at operation S4560.

[542] A. Through this, the UE completes the initial access to the gNB.

[543] 9. The gNB allocates a UL grant for receiving a CSI-RS feedback to the UE, and the
UE transmits feedback of a CSI-RS measurement result to the gNB through the
allocated UL grant at operation S4570.

[544] [Initial access: proposed 4]

[545] Referring to FIG. 46, an embodiment of Initial access: proposed 4 will be described.

[546] 1. While performing RX beam sweeping, the UE measures the signal strength or
quality of each beam for the SS transmitted through TX beam sweeping by the gNB.

[547] 2. When the SS is measured, the UE transmits an RAP toward one or more gNB
beams having the greatest signal strength at operation S4610.

[548] 3. When the RAP is received, the gNB transmits an RAR to the UE by using one or
more gNB beams having the greatest signal strength at operation S4620.

[549] A. The RAR contains a UL grant so that the UE can transmit an RRC connection
request.

[550] 4. After receiving the RAR, the UE transmits the RRC connection request to the gNB
through the UL grant contained in the RAR at operation S4630.

[551] 5. After receiving the RRC connection request from the UE, the gNB transmits an
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RRC connection setup to the UE at operation S4640.

A. Additionally, in the disclosure, CSI-RS configuration information 4600 is
transmitted together with the RAR to the UE. The details of the CSI-RS configuration
information are as described above.

6. The gNB transmits at operation S4650 the CSI-RS through a plurality of narrow
beams corresponding to a wide beam used for receiving the RAP or corresponding to a
beam having the greatest signal strength among wide beams used for receiving the
RAP.

7. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the gNB.

8. After receiving the RRC connection setup from the gNB, the UE transmits an RRC
connection setup complete to the gNB at operation S4660.

A. When transmitting the RRC connection setup complete, the UE further transmits
feedback 4601 of a CSI-RS measurement result.

B. Through this, the UE completes the initial access to the gNB.

[Initial access: proposed 5]

Referring to FIG. 47, an embodiment of Initial access: proposed 5 will be described.

1. While performing RX beam sweeping, the UE measures the signal strength or
quality of each beam for the SS transmitted through TX beam sweeping by the gNB.

2. When the SS is measured, the UE transmits an RAP toward one or more gNB
beams having the greatest signal strength at operation S4710.

3. When the RAP is received, the gNB transmits an RAR to the UE by using one or
more gNB beams having the greatest signal strength at operation S4720.

A. The RAR contains a UL grant so that the UE can transmit an RRC connection
request.

4. After receiving the RAR, the UE transmits the RRC connection request to the gNB
through the UL grant contained in the RAR at operation S4730.

5. After receiving the RRC connection request from the UE, the gNB transmits an
RRC connection setup to the UE at operation S4740.

A. Additionally, in the disclosure, CSI-RS configuration information 4700 is
transmitted together with the RAR to the UE. The details of the CSI-RS configuration
information are as described above.

6. The gNB transmits at operation S4750 the CSI-RS through a plurality of narrow
beams corresponding to a wide beam used for receiving the RAP or corresponding to a
beam having the greatest signal strength among wide beams used for receiving the
RAP.

7. Based on the CSI-RS configuration information, the UE measures the signal
strength or quality of the CSI-RS transmitted by the gNB.
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8. After receiving the RRC connection setup from the gNB, the UE transmits an RRC
connection setup complete to the gNB at operation S4760.

A. Through this, the UE completes the initial access to the gNB.

9. The gNB allocates a UL grant for receiving a CSI-RS feedback to the UE, and the
UE transmits feedback 4701 of a CSI-RS measurement result to the gNB through the
allocated UL grant at operation S4770.

<Fourth Embodiment>

In the LTE system, a multi-carrier scheme such as carrier aggregation (CA) and dual
connectivity (DC) for handling a plurality of component carriers (CC) together has
been introduced in order to support a wide band. Aggregation of up to 32 CCs can
support a bandwidth of 640 MHz in case of 20 MHz CC. However, if a scheme such as
LTE CA is applied to support ultra-wideband (e.g., 1 GHz) in a 5G new radio (NR)
system, the number of combinations of CCs to be used by the terminal increases expo-
nentially, and the size of a capability report performed by the terminal also increases.
Therefore, the terminal has no choice but to operate only within a limited CC com-
bination. In addition, as the number of CCs increases in the CA, the reception
complexity of the terminal and the control complexity of the base station are also
increased. However, in spite of such problems of the CA or DC, the CA or DC has
greater flexibility in the use of resources than a single carrier. This is because the
secondary (SCell) addition/release allows a change of an expanded band and also the
cross-carrier scheduling allows scheduling of resource transmission/reception for other
CCs.

In addition, the 5G system defines an energy-efficient operation with the primary
goal of improving the power efficiency [bit/J] of the terminal and base station network
by more than 1000 times. For this purpose, it is necessary to control the size of an
operating band of the terminal in order to solve a possibility of additional power con-
sumption caused by wideband transmission which is essential in the operation of a
super-high frequency band (mmW).

The disclosure proposes operating schemes of a terminal and a base station for
achieving energy efficiency key performance indicators (KPI) being discussed in 3GPP
RAN 5G system information (SI). Specifically, the disclosure relates to the layer 1/2
operation of a terminal and a base station in a mobile communication system. More
specifically, the disclosure relates to a method and apparatus for changing an operating
band of a terminal to reduce power consumption of the terminal when the base station
desires ultra-wideband signal transmission/reception with the terminal.

The disclosure proposes a control and setup method for ultra wideband transmission/
reception in the 5G mobile communication system. In particular, a method for

scheduling, handover, and power saving in the ultra wideband is considered. In the 5G
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mobile communication system, it is expected that various services (or slices) such as
enhanced mobile broadband (eMBB), ultra reliable and low latency communication
(URLLC), and enhanced machine type communication (eMTC) are to be supported.
This may be understood in the same context that the voice over Internet protocol
(VoIP) and best effort (BE) services are supported in LTE which is the fourth
generation (4G) mobile communication system. In addition, it is expected that various
numerologies are to be supported in the SG mobile communication system. This is
specifically due to a difference in subcarrier spacing or transmission time interval
(TTI). Therefore, TTIs of various lengths are expected to be supported in the 5G
mobile communication system. This is one of distinctive features of the 5G mobile
communication system, compared to LTE in which only one kind of TTI (1 ms) is
supported. If the 5G mobile communication system supports a TTI (e.g., 0.1 ms) which
is much shorter than the 1 ms TTI of LTE, it is expected to be a great help to support
URLLC which requires a short delay time. In the disclosure, the numerology is used as
a term having the same meaning as subcarrier spacing, subframe length, symbol/
sequence length, and the like. Also, the terminals may be configured with different
bandwidths (BWs) in different numerology areas. The base station may be also
referred to as various terms such as gNB, eNB, NB, and BS. The terminal may be also
referred to as various terms such as UE, MS, and STA.

FIG. 48 is a diagram illustrating an LTE scalable BW system according to an em-
bodiment of the disclosure.

FIG. 49 is a diagram illustrating features of a 5G NR flexible BW system according
to an embodiment of the disclosure.

Referring to FIG. 48, in order to support various BWs, LTE has introduced the
concept of a scalable BW. According to FIG. 48, the LTE system supports terminals
having various BWs (e.g., 5/10/20 MHz) with the same center frequency. For example,
if the first UE 4810 supports 5 MHz and the second UE 4820 supports 10 MHz, the
LTE base station appropriately configures a control channel and transmits a control
signal so that both UEs can receive the control signal. However, this method extremely
restricts resources that can be used by a terminal having a relatively small band when
the total available bandwidth of the base station is very large, namely, in the ultra
wideband. For example, when the third UE 4830 operates at the edge of the base
station available band, this UE 4830 may not distinctively receive the control signal of
the base station.

Referring to FIG. 49, in the 5G NR communication system, the operating band
should be able to be flexibly configured. That is, after the RRC connection setup is
successful through an access BW 4900 configured from the synchronization signal

reception and SI acquisition, the terminal may switch the operating band (or operating
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BW) from a relatively narrow band (or narrow BW) 4910 to a relatively wide band (or
wide BW) 4920 under the control of the base station. Using the wide band, the
terminal may receive the control signal of the base station to contribute to the im-
provement of the control signal performance or may perform data transmission/
reception (DL or UL) to improve the efficiency of resources.

Also, in the 5G NR communication system, the terminal should be able to transmit
and receive important control signals in order to maintain the connection with the base
station even in a certain band which is not supported by the existing scalable BW
system. In case of LTE, such important control signals are transmitted via PCell by
means of a signaling radio bearer (SRB). Also, in PCell, control signals for scheduling
and hybrid automatic-repeat-request (HARQ) procedures in PCell itself and SCell are
transmitted and received. In LTE, each of PCell or SCell may be one independent cell.
For each cell, a separate MAC entity and corresponding link adaptation and HARQ
entity are required. However, in the 5G NR single carrier communication system, the
entire band corresponds to one cell. Also, functions of PCell for terminal access,
connection setup/maintenance, and data transmission/reception should be basically
provided.

Meanwhile, even if the base station operates in the ultra wideband, the terminal can
perform transmission/reception only in a part of the entire band because of limited im-
plementation and complexity. In order for the terminal to operate in a band larger than
the maximum usable bandwidth (i.e., capable BW), it is necessary to operate in a time
division manner. For an easier management, the base station may divide the ultra
wideband into bands or sub-bands having suitable sizes and instruct the terminal to
perform, in a specific band, various functions (e.g., control signal transmission/
reception, data signal transmission/reception, RS, measurement, scheduling, link
adaptation, modulation coding scheme (MCS), HARQ, etc.). Also, the terminal may
judge and receive the structure of a control channel and a reference signal, based on the
band.

FIG. 50 is a diagram illustrating various band division schemes in a 5G NR flexible
BW system according to an embodiment of the disclosure.

Referring to FIG. 50, in Case A, the UE1 5000 may operate only in a part, not in the
entire, of the available band due to the fixed band configuration.

In Case B, the UE2 5010 may not be supported in Band 4 because the maximum
available bandwidth is smaller than the bandwidth 5011 of Band 4 configured by the
base station.

If the unit of bands is minimized as shown in Case C, it is possible to support UEs
5020 having various bandwidths because the band to be used by the UE is represented

by a bundle of small bands. However, too many bands may cause an increase of
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overload.

[587] Therefore, as in Case D, a scheme of freely configuring the size of bands is useful.

[588] In order to solve the above problems when the base station divides the entire band
into bands for the terminal, the disclosure considers a scheme in which the base station
configures bands of different sizes for respective terminals and the system can
represent the band as a combination of sub-bands having the same size. Also, rather
than performing independent scheduling, link adaptation, MCS, and HARQ procedures
in a sub-band divided in view of the system, one scheduling, link adaptation, MCS, and
HARQ procedure will be performed in a band configured in view of the terminal.

[589] The structure of a physical layer control channel should be designed to be scalable to
one or a plurality of sub-bands in one band. This means that it is possible to support a
terminal having a band that can be represented by at least a multiple of sub-bands in
the band. The size of a band which is a bundle of sub-bands is determined by at least
one of a channel feature between a terminal and a base station, numerology, a control
sub-band size, and a minimum packet size. The terminal performs one MAC function
set (scheduling, MCS, HARQ, etc.) for one service.

[590] The functions that can be provided by the system structure proposed by the
disclosure can be considered as follows.

[591] - Configuration of control/RS/CSI report/HARQ feedback per band

[592] - Self-/cross-band scheduling

[593] - Band-aggregation to transmit single transport block

[594] - Cross-band HARQ retransmission

[595] - RRM measurement

[596] - Power saving with adaptive BW

[597] [Configuration of control/RS/CSI report/HARQ feedback per band]

[598] The base station can notify the range (i.e., start, size or center frequency, and

bandwidth) of a band to the terminal by representing a multiple of a basic unit (RB or
sub-band) when configuring the band. Since the position and range of a band are part
of one carrier in which the network system operates, the base station can configure the
band to the terminal by means of the frequency offset and bandwidth for the center
frequency of the entire carrier band. Alternatively, the base station can configure the
band to the terminal by means of the frequency offset and bandwidth for the center
frequency at which a synchronization signal detected by the terminal is located.
Meanwhile, the center frequency of a carrier band understood by the terminal may be
always the center frequency of the synchronization signal detected by the terminal, be
the same as the center frequency information of a carrier indicated by the SI connected
to the synchronization signal detected by the terminal, or be the same as the center

frequency information of a carrier instructed by the base station in the RRC connection
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setup procedure. The terminal understands the band range as a system band. Therefore,
even if bands of different ranges are assigned, the terminal should be designed to
receive a signal in accordance with the same reception rule.

For example, the position of a reference signal (RS) or a control channel transmitted
by the base station should be determined on the basis of the start and size of a band
configured for the terminal. Also, the position of a CSI report or HARQ feedback
transmitted by the terminal should be determined on the basis of the start and size of a
band configured for the terminal. Meanwhile, when a plurality of bands are configured,
the base station may further configure for the terminal whether the HARQ process is to
be shared for a plurality of bands or separated for each band.

A band configured for the terminal to monitor is referred to as a primary band
(p-band). The terminal may not perform monitoring in a resource area other than the p-
band unless there is any separate control/configuration from the p-band.

A secondary band (s-band) may be selectively operated according to the con-
figuration through the p-band, and the p-band and the s-band may be referred to as a
first radio frequency (RF) band and a second RF band, respectively. Also, the p-band
may be activated to the active state from among at least one or more configured band
candidates through the RRC message or MAC CE or DCI. Also, the s-band may be
activated to the active state from among at least one or more configured band candidate
through the RRC message or MAC CE or DCI. Similarly, the base station may de-
activate one or more bands from the active state to the inactive state by transmitting a
deactivation signal or message the terminal through the RRC message or MAC CE or
DCI. In the disclosure, the active band and the p-band are used as similar meaning, but
the p-band requires a combination of a DL band and a UL band at the time of con-
figuration. Therefore, the p-band is the active band, but all active bands are not always
the p-band. Also, the p-band is not deactivated except for a separate band switching
procedure. In case of time division duplex (TDD), the frequency positions of the DL
band and the UL band in the p-band may be the same.

The p-band configuration includes at least one DL band and one or more UL bands,
and the base station can instruct the terminal to configure the p-band. When the
terminal reports a UE capability report including RF information to the base station,
the base station can configure the p-band for each different RF of the terminal.

- Hereinafter, the operation associated with band switch/activation indication in
single or multiple active bands will be described.

The terminal may monitor one or more of configured bands at the same time
according to RF conditions. Therefore, it is advantageous in terms of scalability that a
band indication of the base station is commonly applied to the terminals under

different RF conditions. However, the base station needs to know in advance other RF
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conditions of the terminal through a capability report of the terminal. Otherwise, when
an activation instruction from Band#1 to Band#2 is issued for a certain terminal, there
is a possibility of wrong operation because it is impossible to know whether Band#1 is
deactivated due to RF restriction of the terminal.

When the terminal that operates in a single active band receives a band activation in-
dication from the base station, the terminal switches to the indicated band and de-
activates the previous band. When the terminal that operates in multiple active bands
receives a band activation indication from the base station, the terminal activates the
indicated band and maintains the band in use.

However, the band configuration by the capability report of the terminal has a pos-
sibility of wrong operation. Therefore, the base station should be able to configure the
maximum number of active bands of the terminal and to clearly indicate the deac-
tivation of the band.

An activation/deactivation operation rule for the band may be configured in advance
according to one of the following two methods, or may be configured by the base
station/network. In addition, this operation may be equally applied to a case where a
band switch/activation occurs in conjunction with a cross-band scheduling indication
in addition to a separate band activation indication of the base station.

a) Although multiple active bands are configured, each active band can only switch
to other deactivated band. Therefore, changing the number of active bands is possible
only with RRC.

b) Multiple active band are configured, and activated/deactivated indication is made
for each band. Since the number of active bands can be changed, the base station
should be operated so that the maximum number of active bands of the terminal is not
exceeded and all bands are deactivated. If the base station instructs to exceed the
maximum active band, the terminal may operate, in the previous active bands, 1) to de-
activate the initially activated band, 2) to deactivate the lastly activated band, 3) to de-
activate the lowest band in the order of band index, 4) to deactivate the lowest band
according to the priority of bands configured by the base station, or 5) to deactivate a
certain band arbitrarily determined by the terminal. Also, the deactivated band may be
configured to exclude the p-band.

- Hereinafter, a procedure for determining a moving point including retuning latency
when activating a band through DCI or MAC CE will be described.

The RF retuning time may be varied according to a relation between switching bands
and an active band switching condition of the terminal. The base station may configure
a time required for switching one band (e.g., the p-band) to other band to the terminal
through the RRC, based on the capability report of the terminal. If the terminal fails to

comply with this configuration, the terminal may reject the band switching for each
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terminal may consider a switching delay time from the DCI reception time
(subframe/slot/mini-slot), already configured through the RRC, to the completion of
switching. Therefore, the terminal may monitor a control channel from the fastest valid
control channel in the band activated after the switching delay time from the DCI
reception time, based on a band identification (ID) included in the DCI. Alternatively,
2) the switching delay time k from the DCI reception time (subframe/slot/mini-slot) to
the completion of the switching may be included, together with the band ID, in the
DCI. Accordingly, the terminal may monitor a control channel from the fastest valid
control channel after a time determined according to the value of k.

In case where the base station instructs the band switching through the MAC CE, 1)
the terminal may monitor a control channel from the fastest valid control channel in the
band activated after the switching delay time from the HARQ ACK success time
(subframe/slot/mini-slot) for the MAC CE reception to the completion of switching, by
considering the switching time already configured through the RRC, based on the band
ID included in the MAC CE. Alternatively, 2) the terminal may consider the switching
delay time already configured through the RRC. The terminal may monitor a control
channel from the fastest valid control channel in the band activated after the switching
delay time from the time (subframe/slot/mini-slot), when the MAC determines the
band switching and transmits an indication to the PHY, to the completion of switching,
based on the band ID included in the MAC CE. Alternatively, 3) the switching delay
time k from the MAC CE reception success time (subframe/slot/mini-slot) to the
completion of the switching may be included, together with the band ID, in the MAC
CE. Accordingly, the terminal may monitor a control channel from the fastest valid
control channel in the band activated after the switching delay time from the MAC CE
reception success time (subframe/slot/mini-slot) to completion of switching. Alter-
natively, 4) the switching delay time k from the transmission time
(subframe/slot/mini-slot) of HARQ ACK for the MAC CE reception success to the
completion of the switching may be included, together with the band ID, in the MAC
CE. Therefore, the terminal may monitor a control channel from the fastest valid
control channel in the band activated after the switching delay time from the
transmission time (subframe/slot/mini-slot) of HARQ ACK for the MAC CE reception
success to the completion of the switching. The terminal follows at least one of the op-
erations described above.

[Self-/cross-band scheduling]

FIG. 51 is a diagram illustrating a self/cross-band scheduling operation according to

an embodiment of the disclosure.
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Referring to FIG. 51, through control sub-bands 5110, 5130, and 5150 in a p-band,
the base station may schedule a data channel 5120 in the same sub-band, a data
channel 5140 in other sub-band, or a control channel 5160 in other sub-band.

The base station may control transmission/reception of signals through a control
channel or a data channel of the terminal through a control sub-band within a p-band
configured for each terminal. The base station may indicate a downlink (DL) or uplink
(UL) data transmission/reception area by means of self-band data scheduling or cross-
band data scheduling. Also, the base station may instruct a change in the position or
size of a control sub-band in the same band by self-band control scheduling. Also, the
base station may indicate the position or size of an additional control sub-band in other
band by cross-band control scheduling.

If the position or size of the second control sub-band is indicated through the first
control sub-band, the terminal checks whether the first control sub-band and the
second control sub-band are simultaneously monitored. If so, the terminal can simul-
taneously receive signals through two control sub-bands. Otherwise, this means that
the terminal monitors only the first control sub-band. Therefore, in order to monitor the
second control sub-band, a delay for a certain amount of RF retuning is required.

In general, in case of UL scheduling, the base station can instruct the terminal on a
predetermined delay value (e.g., 4 ms) or a separate delay value through a control sub-
band.

In the system considered in the disclosure, cross-band scheduling in which a
bandwidth change may be required, even in case of DL scheduling, needs to separately
indicate a specific subframe that follows in time while physical downlink shared
channel (PDSCH) for data transmission/reception is normally indicated in the same
subframe as PDCCH.

This is because a processing time for retuning of the RF and baseband (BB) circuit is
required as the position of the used band abruptly changes. That is, in consideration of
the available band information included in the capability report of the terminal and the
degree of change of the used band of the terminal by the control of the base station, the
base station should instruct the terminal to transmit and receive a DL signal after a
delay time configured after the transmission of a control signal. This delay time may
be included in each control signal, or the base station may previously configure at least
one delay time value during a capability negotiation and connection setup procedure of
the terminal. Since the delay is greater in case where the used band of the terminal
completely changes than in case where the used band of the terminal is partially
overlapped and the bandwidth alone is changed, the base station transmits the delay
time through each control signal or transmit an index for two or more delay values

through a control signal so that the terminal can perform a DL reception operation after
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a suitable delay.

Meanwhile, the base station may perform asymmetric p-band configuration that the
terminal has different bands (position, size) in DL and UL. However, since main
control functions are smoothly operated in the p-band when both DL and UL are
supported, the terminal understands the p-band as one even if different bands are
allocated.

[Adaptive BW method and procedure for power saving]

The LTE system provides a power saving mode (PSM) and a discontinuous reception
(DRX) so as to reduce power consumption. The PSM refers to a state in which only a
tracking area update (TAU) or a routing area update (RAU) is performed and paging is
not received from the base station. This is almost similar to power off, but the terminal
needs not to re-attach to the network or re-establish the packet data network (PDN)
connection because of being still registered in the network.

The DRX is classified into the idle mode DRX and the connected mode DRX.
According to the idle mode DRX (i.e., idle-DRX), the idle mode UE does not receive a
signal of the base station except for a period of time (paging frame number and paging
occasion) for periodically monitoring a paging signal. In this case, since the terminal
does not have the RRC connection with the network, the network does not have
context information of the terminal. The terminal is regarded as being registered in the
mobility management entity (MME) and residing within a tracking area list (TAL).
The purpose of the connected mode DRX is to reduce power consumption caused
when the connected mode terminal monitors a control signal of the base station
(PDCCH) every DL subframe. If the terminal arbitrarily skips the monitoring of the
DL subframe, it is difficult for the base station to control the terminal as desired.
Therefore, the base station and the terminal should perform transmission by the base
station and reception by the terminal in the DL subframe of a predetermined location.

The LTE connected DRX operation is as follows. The base station may configure
DRX-related parameters among RRC parameters through an RRC connection setup
request message or an RRC connection reestablishment request message. The DRX-
related parameters include, for example, a DRX cycle, an on-duration timer, and an in-
activity timer. The DRX cycle indicates the length of a single duration in which the
terminal repeats ON and OFF, and the on-duration timer indicates the length of the on-
duration. The length of off-duration may be calculated from the DRX cycle and the on-
duration timer. These parameters are expressed in subframe units. The terminal
monitors a DL signal on PDCCH of the base station during the on-duration indicated
by the on-duration timer and does not monitor a DL signal on PDCCH of the base
station in the off-duration. If the terminal succeeds in receiving a DL signal in a certain

subframe, the inactivity timer starts from that subframe. The terminal should monitor a
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DL signal on PDCCH of the base station until the inactivity timer expires. After the
last successful reception of a DL signal, the terminal does not monitor a DL signal if a
subframe corresponding to the expiration time of the inactivity timer is reached and
this subframe belongs to the off-duration.

Specifically, the C-DRX may be classified into short DRX and long DRX, depending
on the DRX cycle. In accordance with the activity of a DL signal, the terminal always
switches to the short DRX in each subframe, then switches to the long DRX, and
switches again to a state of no DRX operation when the long DRX cycle ends. To
configure this operation, a short DRX cycle timer is used to indicate the number of rep-
etitions of the short DRX cycle. In case of the long DRX, the terminal switches to a
sleep state after one long DRX cycle. The base station may instruct the start of the
short or long DRX through a MAC command element (CE) so that the terminal
switches back to the short DRX or maintains the long DRX state. Exceptionally, at the
DL HARQ packet retransmission defined as HARQ round trip time (RTT), the
terminal should monitor a DL signal irrespective of the DRX. Also, if the UL HARQ
packet retransmission is expected, the terminal should monitor a DL control signal,
i.e., a UL grant, for a duration configured as a DRX retransmission timer.

According to LTE, the short DRX is represented as follows:

[(SEN * 10) + subframe number] modulo(shortDRX-Cycle) = (drxStartOffset)
modulo(shortDRX-Cycle)

According to LTE, the long DRX is represented as follows:

[(SEN * 10) + subframe number] modulo(longDRX-Cycle) = drxStartOffset

Similar equations may be used when applying the LTE connected mode DRX
(C-DRX) to 5G NR.

If the LTE C-DRX is applied to 5G NR, the terminal that receives high-speed data
traffic will monitor a wideband DL signal of the base station in the on-duration and
will not monitor a DL signal in the off-duration. However, depending on the charac-
teristics of traffic, it is not necessary to receive a wideband DL signal every subframe.
For example, in case of a streaming service, an encoding scheme for transmitting only
image variation information in periodic large-capacity information is used. Therefore,
in the 5G NR communication system, the size of bandwidth (BW) of a resource
monitored by the terminal should be adaptively varied.

FIGS. 52 to 54 are diagrams illustrating examples of BW expansion and reduction
operation by a physical layer control signal according to various embodiments of the
disclosure.

If this variable BW control is performed on the L1 layer, i.e., the physical layer, op-
erations as shown in FIGS. 52 to 55 are possible. In order to save power, it is

reasonable that the terminal is basically in a narrow BW state and, if necessary,
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switches to a wide BW.

Referring to FIG. 52, therefore, the terminal monitors a narrowband control sub-band
(CSB#1) 5210 provided by the L1 in the RRC connection setup step and, if an L1
signal 5230 instructing a BW expansion is received from the base station, monitors a
wideband control sub-band (CSB#2) 5220 in a specific subframe.

An interval between the time point when the BW expansion instruction control signal
is received and the subframe where switching to CSB#2 is performed is determined
according to at least one of a) a fixed interval, b) an interval configured by the RRC
parameter, ¢) an interval configured by the L1 control signal, d) an interval computable
according to the BW capability information reported by the terminal and the current
terminal state, and e) whether the center frequency of the BW to be switched is
overlapped.

On the other hand, when the terminal continuously requests a large amount of traffic,
the BW expansion instruction control signal should be frequently transmitted, and in
the worst case, half of a subframe can be served in a narrow band due to restriction of a
switching delay. In addition, frequent BW and RF switching may cause a terminal load
and additional power consumption.

Referring to FIG. 53, an example is illustrated of further using a BW reduction in-
struction control signal to solve a problem when using only a BW expansion in-
struction control signal.

According to this operation, the terminal monitors CBS#1 5310, switches the
bandwidth to monitor CSB#2 5320 when the BW expansion instruction control signal
5330 is received, and maintains the mode. Then, when the BW reduction instruction
control signal 5360 is received through CSB#2 5340, the terminal switches the
bandwidth to monitor CSB#1 5350. However, this method may cause an error in the
operation of the terminal if the BW expansion or reduction instruction control signal
fails to be received.

For example, although the base station sends the BW expansion instruction control
signal 5330 and sends a control signal (DCI) for data transmission/reception through
CSB#2 5320 of the instructed subframe, the terminal may not receive the BW
expansion instruction control signal 5330. Because of being monitoring CSB#1, the
terminal does not receive the DCI transmitted through CSB#2 5320. In this case, the
base station does not know whether the terminal fails to receive the DCI transmitted
through CSB#2 5320 even though the terminal successfully receives the BW
expansion indication control signal 5330, or the terminal fails to receive the BW
expansion indication control signal 5330.

Also, if the terminal fails to receive a DL signal for a certain time due to mismatch of

a monitoring band, i.e., CSB, the terminal may operate as DRX Off or cause a problem
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problem of L1 signal reception error by not using the BW reduction instruction control
signal. That is, the terminal can operate in a wideband, CSB#2, only during a specific
duration after the BW expansion, and then return to a narrowband, CSB#1.

Referring to FIG. 54, the base station also notifies, to the terminal, a duration 5440
for monitoring CSB#2 as well as a CSB#2 location 5420 through a BW expansion in-
struction control signal 5430 in CBS#1 5410.

On the other hand, the base station may configure in advance the duration in-
formation for maintaining a wideband by means of the RRC parameter instead of the
L1 signal, considering the capacity and performance of the L1 signal. However,
compared to case of using the L1 signal, dynamic control may be limited in case of
configuring by RRC in advance. Therefore, when using the RRC parameter, a timer
may be useful, like the existing DRX inactivity timer, rather than a fixed duration.

FIGS. 55 to 58 are diagrams illustrating examples of BW expansion and reduction
operation by physical layer and radio resource control (RRC) control signals according
to various embodiments of the disclosure.

Referring to FIG. 55, the terminal monitors CSB#2 indicated by a BW expansion in-
struction control signal 5530 in CBS#1 5510 and then starts an RRC configured timer
5540 because of failing to receive a DL signal from the next CSB#2 5520 subframe. If
the timer expires after 3 subframes without receiving the DL signal, the terminal
returns to a narrow band CSB#1 in the next subframe. The start time of the timer may
be changed.

If the timer value is set to be small, the terminal may not continuously receive a base
station signal due to deterioration of a channel quality even though a control signal of
the base station is actually transmitted to the terminal. In this situation, there may occur
a band mismatch that the base station transmits a signal in a wide band and the
terminal tries to receive a signal in a narrow band. The base station may start a timer
from a time when feedback of the terminal or a scheduled UL signal does not arrive or
when an event of no UL signal arrival satisfies a given condition. When the timer of
the base station expires, the base station transmits a base station signal through a
narrow band control channel, i.e., CSB#1. In order to support this operation, the
position of the on-duration for the narrow band control channel of the terminal may be
predetermined. That is, the start of the operation in a wide band may depend on the
L1/MAC signal, and the control channel reception operation in a narrow band may
follow the DRX cycle determined based on the system time like the conventional DRX
operation. When a wide band inactivity timer expires according to the inactivity of a

control channel in a wide band, the terminal retunes to a narrow band and receives the
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control channel according to the configured DRX on-duration.

On the other hand, the interpretation of inactivity may be applied differently
depending on cases.

Referring to FIG. 56, the terminal switches to a wide band 5610 in response to a BW
expansion indication control signal 5620 and then receives a BW reduction indication
control signal 5630 of the base station in the next subframe. This is because the base
station has determined that there is no more traffic to be transmitted through a wide
band.

Even if the terminal monitors a narrow band CSB#1, an RRC configured inactivity
timer 5650 may be maintained without expiration. That is, in a state where the terminal
does not receive a DL resource allocation control signal in a wide band, i.e., CSB#2,
the terminal operation of switching between a wide band and a narrow band in
response to a control signal of the base station or a certain rule may affect the inactivity
timer. The terminal may stop the timer only after receiving the DL resource allocation
control signal through the CSB#2 in a wide band.

Referring to FIG. 57 illustrated is an operation in which after a timer 5710 starts, the
timer expires when a base station signal is successfully received through a wide band
CSB#2 5730 during the BW switching of the terminal, and a second timer 5720 starts
when a DL signal is not received in the subsequent subframe.

Referring to FIG. 58, in order to avoid complicated operations as shown in FIGS. 56
and 57, according to an embodiment, the base station may configure a pattern 5810 of
switching between a wide band and a narrow band through RRC after the wide band
switching of the terminal. The base station may instruct the terminal on the first narrow
band switching through the L1 control signal 5820 or the RRC signal as in other em-
bodiments. When controlling with RRC, the position should be determined based on
SEN and subframe. If the BW switching is not urgent, the L1 control signal may be
replaced with MAC command elements (CEs). In this case, the MAC CE should
include absolute position information instead of relative interval information.

The pattern of BW switching may be configured as an absolute position with respect
to the SFN and the subframe or as a position relative to the position specified with the
L1 control signal. Also, a subframe in which a pattern is valid may be limited to a
subframe corresponding to DRX on-duration or a subframe before a DRX cycle timer
expires. In addition, through the MAC CE, the base station may instruct the terminal to
switch to which BW.

When the base station instructs the BW switching operation using a physical layer
signal or an RRC control signal, the setup by an L1 control signal may take priority
over the setup by an RRC control signal for dynamic setup. However, considering a

case where a stable terminal operation is difficult due to a plurality of L1 control
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signals, the setup by an RRC control signal always precedes the setup by an L1 control
signal in a subframe of a predetermined position (period, offset).

Meanwhile, independent of the BW control operation by a physical layer signal, the
C-DRX of LTE, i.e., the connected DRX operation, can be modified to be associated
with the BW control. A method using C-DRX may operate alone or may be operated
together with the operation of controlling the BW through a physical layer signal.
Specific details are described in below with reference to FIG. 59.

FIGS. 59 and 60 are diagrams illustrating examples of connected mode DRX
(C-DRX) operation for adaptive BW according to various embodiments of the
disclosure.

According to the LTE DRX configuration, one DRX cycle is divided into an on-
duration and an off-duration. Similarly, referring to FIG. 59, the base station may
divide one DRX cycle into a wide band on-duration 5910, a narrow band on-duration
5920, and an off-duration 5930. For this scheme, the base station only needs to notify
the terminal about additional on-duration information for each band in the DRX con-
figuration information. However, if there are variety of gradually reduced sizes of
bands, it may take a considerable time for the terminal to transition to the complete off-
state.

Referring to FIG. 60, according to another embodiment, the terminal may operate in
a band-specific DRX cycle in which durations for monitoring a wide band and a
narrow band may be configured differently in time. This is similar to an operation in
LTE C-DRX of switching to the long DRX cycle when a certain number of cycles are
required in the short DRX cycle. Therefore, the base station may configure information
per DRX cycle (DRX cycle, on-duration, DRX cycle timer, etc.) 6010 to 6060
according to bands to be switched, and a band switching rule may be included in the C-
DRX configuration. For example, this may be represented in the order of Band#1,
Band#2, Band#3, and the like or the order of CSB#1, CSB#2, CSB#3, and the like.

Alternatively, according to an embodiment, the order of band switching may be
entrusted entirely to the physical layer. In this case, the terminal operates with a
common DRX cycle and a DRX cycle timer, and BW and CSB are determined
according to the L1 control signal. The terminal may inquire about the BW to be
changed to L1 before one DRX cycle timer expires.

Alternatively, in the RRC connection setup or RRC connection reestablishment
process, the terminal may request the L1 to set a plurality of BWs (CSBs) and their
order. The terminal switches the BW (CSB) according to the order as one DRX cycle
timer expires or the DRX cycle ends. If the terminal expands the BW again according
to a BW reconfiguration control signal of the base station or according to a condition

preconfigured in the terminal, the BW (CSB) is switched again from the expanded BW
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in the order. When the DRX cycle or the DRX cycle timer for the minimum BW
(CSB) expires after all BWs (CSBs) have been switched, the terminal a) switches to
the long DRX while maintaining the minimum BW (CSB), b) switches to the long
DRX by switching to BW (CSB) for separately configured long DRX, or ¢) switches to
the idle DRX.

On the other hand, without introducing a new C-DRX configuration, it is possible to
maintain the existing LTE C-DRX configuration and operation and to control the BW
change operation with additional L1 setup. According to an embodiment, the C-DRX
configuration to be controlled by the RRC is the same, but the base station may
configure information (BW, SRB, number of subframes, etc.) for BW switching in the
on-duration by using the L1 signal. According to another embodiment, the base station
may configure information (BW, SRB, etc.) for BW switching, which is reduced each
time a short DRX cycle is encountered, by using the L1 signal. According to still
another embodiment, the base station may configure the BW connected to the short
DRX cycle and the BW connected to the long DRX cycle by using the L1 signal.

The modified operation of the C-DRX assumes that there are different parameters for
BWs in one DRX configuration. On the other hand, different DRX configurations for
BWs may be possible for more free DRX configuration. In this case, the terminal
should operate while reviewing a plurality of DRX configurations at the same time,
and it is necessary to determine which DRX configuration has a priority according to a
predetermined rule in order to prevent confusion of operation according to a plurality
of DRX configurations.

FIG. 61 is a diagram illustrating an example of DRX setup for a wide band and a
narrow band according to an embodiment of the disclosure.

Referring to FIG. 61, illustrated is a state where wide band DRXs 6110 and 6115 and
narrow band DRXs 6120 and 6125 are configured, respectively. The terminal receives
the DRX configurations for two bands and has to follow one of two DRX config-
urations for a subframe in which a conflict operation occurs. If power consumption is
emphasized, the terminal may prefer narrow band DRX configuration rather than wide
band DRX configuration.

FIGS. 62 and 63 are diagrams illustrating examples of DRX setup and a priority rule
for a wide band and a narrow band according to various embodiments of the
disclosure.

Referring to FIG. 62, illustrated is an operation in which when a wide band on-
duration 6210 and a narrow band on-duration 6220 are both configured in one
subframe, the terminal follows the narrow band on-duration configuration 6210 and
monitors a DL signal by configuring a narrow band CSB#1.

Referring to FIG. 63, on the other hand, in case where the data transmission amount
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is more important, FIG. 63 shows an operation in which when a wide band on-duration
6310 and a narrow band on-duration 6320 are both configured in one subframe, the
terminal follows the wide band on-duration configuration 6310 and monitors a DL,
signal by switching to a wide band CSB#2. In order to support different configurations
as shown in FIGS. 62 and 63, the base station may further configure priority in-
formation between DRXs for bands to the terminal through RRC.

If a DL signal is not received in the DRX configuration for each band and its
operation, the terminal starts an inactivity timer. If the inactivity timer for each band is
set, the terminal a) may start the inactivity timer for a corresponding band when the DL
signal corresponding to the band is not received, or b) may start the inactivity timer for
each band when the DL signal corresponding to the band is not received.

If the inactivity timer is set to a single value regardless of band, a condition for de-
termining the DRX inactivity may be determined as at least one of the following: 1) to
start the inactivity timer only when no DL signal is received in all bands (all
configured CSBs), or 2) to start the inactivity timer only when the DL signal corre-
sponding to the band (CSB) selected by the priority is not received.

In the disclosure, the type of a DL signal to be monitored in relation to the DRX
operation is determined in the standard or can be configured by the base station. If a
DL signal, to be not monitored in relation to the DRX operation, is received, it may be
regarded that the DL signal is not received in the DRX operation.

In the BW adaptation and power saving procedures proposed in the disclosure, con-
figuration of associating one or more bands configured for scheduling with the DRX
procedure is further required.

Depending on various embodiments proposed, the configuration scheme associated
with the DRX procedure may be varied. Respective embodiments are largely classified
as follows, and the DRX procedure association configuration may be varied depending
on such classification.

A. In case where the timing when the terminal switches from band 1 to band 2
depends on the L1/MAC signal of the base station, and the timing when switching
from band 2 to band 1 also follows the L1/MAC signal of the base station:

Since the band ID is included in the L1/MAC signal, there is no connection with a
separate DRX configuration. That is, the DRX operates in common regardless of the
band. However, when a reception error of the L1/MAC signal of the base station
occurs, the base station may configure a specific band (e.g., band 1) for the fallback
operation. At this time, the base station may include the fallback band in the DRX con-
figuration.

B. In case where the timing when the terminal switches from band 1 to band 2

depends on the L1/MAC signal of the base station, and the timing when switching
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from band 2 to band 1 follows the inactivity timer:

When the terminal switches from band 1 to band 2, there is no need to configure
band 2 associated with the DRX. However, when switching from band 2 to band 1, the
base station configures the DRX to be operated in band 1 because it follows the timer.
The terminal should follow the inactivity timer of band 2 after switching to band 2, and
may be configured by the base station to be operated according to one of 1) using the
inactivity timer of the DRX in common, 2) using the inactivity timer configured
separately for band 2, 3) using the inactivity timer of the DRX with a scale value, or 4)
using the inactivity timer configured separately for band 1 with a scale value. The scale
value may be indicated by a DRX configuration or a separate configuration.

C. In case where the switching from band 1 to band 2 depends on the L1/MAC signal
of the base station (but the control channel reception timing is configured separately),
and the switching from band 2 to band 1 also depends on the L1/MAC signal of the
base station (but the control channel reception timing is configured separately):

In this case, the DRX cycle and on-duration common to bands or for each band
should be configured. In case of being common to bands, no separate band con-
figuration is required for DRX configuration. If the DRX is configured for each band,
configuration is performed by at least one of methods for 1) matching the DRX con-
figuration with the number of bands and indicating a band in each DRX configuration,
2) setting one DRX configuration and indicating bands for operations of on-duration
and off-duration included in the DRX configuration, 3) setting one DRX configuration
and indicating a band for each of the short DRX cycle and the long DRX cycle
included in the DRX configuration, or 4) setting one DRX configuration and indicating
a band for each of the on-duration, the short DRX cycle, and the long DRX cycle
included in the DRX configuration.

In the setup and procedure proposed in the disclosure, the Layer 2 of the terminal
may not need to know the actual position and size of a band. That is, the physical in-
formation of a band is not visible at the Layer 2, but the logical position and size can
be set. The Layer 2 may construct a control channel or transport channel, based on
logical band position/size information. Also, the terminal may manage BW in-
formation in a list for DRX operation and display it by index.

In examples proposed in the disclosure, it has been assumed that most terminals
cannot simultaneously monitor narrow band and wide band BWs. However, depending
on the capability of the terminal, narrow band and wide band BWs can be monitored at
the same time in some cases.

Meanwhile, the BW provided through the L1 signal and the maximum BW of the
terminal according to the terminal capability may be different. Accordingly, when a

plurality of BW-specific DRX configurations are received, the terminal may operate si-
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multaneously in the on-duration of one or more BW-specific DRX configurations
within the maximum BW of the terminal capability. The on-duration of the DRX con-
figuration exceeding the maximum BW of the terminal capability is excluded from
monitoring. For this operation, the priority of the BW-specific DRX configuration may
be configured to the terminal by the base station.

FIG. 64 is a flow diagram illustrating an operation of a terminal according to an em-
bodiment of the disclosure.

Referring to FIG. 64, during the RRC connection setup procedure S6410, the
terminal requests and acquires information about the position of an operation BW or
control sub-band (CSB) from the physical layer at operations $6420 and S6430.

At operation S6440, based on the acquired information, or by reporting the acquired
information to the base station, the terminal receives DRX configuration per BW or
configuration for parameters per BW in DRX from the base station.

When the connection is completed, the terminal starts an operation for short DRX in
C-DRX. The terminal performs PDCCH monitoring for each subframe to receive a
control signal of the base station at operation S6450. Then, at operation S6460, the
terminal determines whether the reception of a DL signal is successful.

If the reception of a DL signal is successful, the terminal continuously performs
PDCCH monitoring. In a certain scenario, there may be cases in which, despite
successful PDCCH monitoring, another BW or CSB is monitored under L1 control or
RRC control.

If a DL signal is not received as a result of the PDCCH monitoring, the terminal
updates the DRX parameters such as the inactivity timer and the DRX cycle timer at
operation S6465. If the BW switching is required since a condition of the inactivity
timer or the BW switching timer is satisfied at operation 6470, the terminal checks at
operation S6475 whether it meets a short DRX termination condition. This condition
corresponds, for example, a case where the PDCCH monitoring fails at the minimum
BW and thus there is no further BW to be reduced or a case where the short DRX cycle
timer expires.

If the short DRX termination condition is not satisfied at operation 6470, the terminal
decreases the BW at operation S6480 and resumes the short DRX operation.

If the short DRX termination condition is satisfied, the terminal starts the long DRX
at operation S6485. The long DRX operation is performed at the minimum or
configured BW, and is similar generally to the LTE long DRX operation. The terminal
monitors the PDCCH according to the long DRX at operation S6490. If a DL signal is
not successfully received at operation S6491, the terminal determines at operation
56492 whether the long DRX termination condition is satisfied. If the long DRX ter-

mination condition is satisfied, the terminal switches to the idle mode at operation
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S6493.

- Method for separately setting a condition for determining inactivity in wideBWP:

The BW adaptation or switching operation of the disclosure is different from the
SCell addition/release in the existing CA, as follows. In the CA, the PCell is always
activated, and the terminal monitors the PCell. However, in case of BW switching, the
terminal should transmit and receive control signals such as an RRC signal and MAC
CE to and from the base station, even though moving in any band. Therefore, even if
the terminal switches from one band (band 1) to another band (band 2) and there is no
data traffic in band 2, the terminal can receive the RRC/MAC control signal of the base
station. However, receiving the RRC/MAC control signal of the base station in band 2,
which is a narrow band, affects the power consumption of the terminal. Therefore,
when determining the inactivity in the band 2, the terminal may operate by 1) not re-
flecting the control channel activity for transmitting only the RRC/MAC control signal
of the base station in the inactivity timer operation, 2) reflecting only the scheduling
assignment below certain physical resource block (PRB) in the inactivity timer
operation, 3) reflecting in the inactivity timer operation when a base station signal of a
certain number of times (or a certain amount of transmission) is received within a
certain duration, 4) reflecting in the inactivity timer operation only for a specific DCI
format, or 5) determining whether to reflect in the inactivity timer operation through a
separate instruction of the base station.

- Dual timer setup:

Described above is the timer operation for switching from a wide band to a narrow
band. Switching from a narrow band to a wide band may be indicated by the DCI/
MAC signal of the base station. However, when an error occurs in reception of the
DCI/MAC signal, the terminal should switch from a wide band to a narrow band for a
fallback. However, the base station may set a timer value differently because the re-
quirements of two cases may be different. That is, when the DCI/MAC signal for
switching from a narrow band to a wide band is received during monitoring, the
terminal starts timer#1. If the terminal does not receive a base station signal in the wide
band until the expiration of the timer#1 while performing the band switching
operation, the terminal returns to a narrow band.

On the other hand, the terminal that succeeds in receiving a base station signal in a
wide band and then does not receive a base station signal after the end of the on-
duration starts timer#2. When the timer#2 expires, the terminal switches to a narrow
band. In general, it is advantageous that the value of timer#1 is shorter than the value
of timer#2 because of fast fallback in case of error.

FIG. 65 shows a DRX operation for a TTI change according to an embodiment of the

disclosure.
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Referring to FIG. 65, a transmit time interval (TTI) refers to a time required to
transmit one or more transport blocks (TBs) and is often used as a basic time unit for
performing scheduling and HARQ operations in the MAC. The terminal receives TTI
information in advance in the initial access procedure or receives default TTI and BW
information through the SI.

For example, a normal TTI having a length of 1 ms may be set as a basic TTI.
Further, during the random access procedure or after the completion of the RRC
connection setup, the terminal may receive additional TTI and BW information
through the RRC message. For example, the additional TTI may be set to a short TTI
of 0.5 ms in length.

Parameters for expressing the DRX operation in LTE are represented in units of
subframes. Referring to a normal TTI case 6510 of FIG. 65, it can be seen that the on-
duration is represented by 2 ms and the DRX cycle is represented by 6 ms.

When the same DRX parameter expression scheme as LTE is directly imported to
5@, the TTI is set to the short TTI as shown in short TTI case A 6520, and the terminal
monitors PDCCH during the on-duration of 2 ms within the same DRX cycle (6 ms).
While in the normal TTI case the number of PDCCH monitoring is twice in the same
on-duration (2ms), in the short TTI case A the TTI length is reduced to half and thus
the number of PDCCH monitoring increases to four times. However, the power con-
sumption of the terminal may be increased because the same PDCCH monitoring op-
portunity is not maintained.

In short TTI case B 6530, the on-duration is reduced from 2 ms to 1 ms according to
the reduced TTI, and the number of PDCCH monitoring is also reduced to twice within
one on-duration. However, because the DRX cycle is also reduced from 6 ms to 3 ms
according to the reduced TTI, four PDCCH monitoring times are still set for the same
time as the normal TTI case. Therefore, the power consumption of the terminal is
unvaried between the short TTI case A 6520 and the short TTI case B 6530.

Therefore, the disclosure proposes the following method. That is, among the DRX
parameters, timers (on-duration, inactivity timer, etc.) related to PDCCH monitoring
are represented by TTI, and other parameters are represented by subframe.

Referring to short TTI case C 6540, the on-duration is reduced from 2 ms to 1 ms in
comparison with the normal TTI, and the number of PDCCH monitoring is also
maintained as twice in one on-duration. In addition, the number of PDCCH monitoring
is kept twice in comparison with the normal TTI within DRX cycle 6 ms. In detail, on-
duration, inactivity timer, ULRetransmissionTimer, StartOffset, and the like can be
represented by TTI, whereas DRX cycle, shortCycleTimer, and the like can be rep-
resented by a subframe.

The TTI length may be set by means of SI or RRC, but additional TTI or PDCCH
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resource settings may be performed in the physical layer L1 for convenience of
dynamic scheduling. However, if the TTI length dynamically changes according to the
additional TTI/PDCCH resource setting, a delay may occur in recalculating the timer
on the L2 layer. This delay may cause a problem when a scheduling/HARQ operation
occurs in a short TTI. Therefore, the disclosure proposes a method of not including the
TTI dynamically changed according to the L1 signal into the MAC timer calculation.
According to an embodiment, the variation within the specific time length set through
the RRC is not included in the MAC timer calculation, and the variation longer than
the specific time length may be included in the MAC timer calculation.

According to an embodiment, the base station may set an RRC message to the
terminal to define which length of TTI for a specific timer. For example, the on-
duration may be set to a shortest TTI (0.25 ms), the inactivity timer may be set to a
shorter TTI (0.5 ms), and the DRX cycle may be set to a normal TTI (1.0 ms). Also,
some parameters may be pre-specified in the standard. For example, the on-duration
may depend on the length of a mini-slot set in L1, and the DRX cycle may be specified
to follow the length of a slot set in L1.

According to an embodiment, some of the parameters required for the DRX
procedure may be fixed in time units, while others may be set to change time units
according to numerology. The base station may fix the DRX cycle, shortCycleTimer,
etc. in units of subframes. The on-duration, inactivity timer, ULRetransmissionTimer,
and StartOffset may be expressed in units of [slot, mini-slot], and which unit will be
used may be determined depending on any combination of a control channel, band,
index in DCI, and TTI which are set by the base station. For example, if the terminal
receives a control channel in band 1 for eMBB, the on-duration value 4 is regarded as
4 slots, and if the terminal receives a control channel in band 2 for URLLC, the same
on-duration value 4 is understood as 4 mini-slots.

FIG. 66 is a diagram illustrating an example of determining a TTI value based on to a
control channel monitoring periodicity and a transmission duration according to an em-
bodiment of the disclosure.

Referring to FIG. 66, according to the control channel monitoring periodicity and the
transmission duration, the values of TTI may be determined differently depending on
the situation.

In cases (a) and (b) 6610 and 6620 in FIG. 66, a data channel is allocated only within
a control channel observation period, so that the transmission period of scheduling is
equal to the control channel observation period. Therefore, the TTI is equal to the
control channel observation period. However, in case (c) 6630 of FIG. 66, the
transmission duration is indicated to be longer than the control channel observation

period, so that the transmission period of scheduling is ambiguous.



82

WO 2018/143727 PCT/KR2018/001456

[710]

[711]

[712]

[713]
[714]

[715]

[716]

[717]

[718]

[719]

[720]

This may be varied depending on the control of the base station. If the base station
instructs the terminal on a transmission block having a transmission duration longer
than the control channel observation period so as not to observe overlapped control
channels, the TTI is equal to the indicated transmission duration. However, if the base
station instructs the terminal to observe the control channel observation period even
during the transmission duration, the base station may schedule the terminal every
control channel observation period. Therefore, in this case, the TTI is the same as the
control channel observation period.

Detailed embodiments regarding an operation of switching bands on the basis of a
timer as shown in FIGS. 54, 55, 56 and 60 will be described below. This timer may be
a new timer such as a band switching timer or a band validity timer, or may be an
existing timer such as a drx inactivity timer or a DRX short cycle timer.

FIGS. 67 is a diagram illustrating a timer-based band switching operation according
to various embodiments of the disclosure.

[Embodiment 4-1]

Referring to FIG. 67, the embodiment 4-1 shows an operation procedure that
supports case A 6710.

A MAC entity may be configured to have a DRX function for controlling the
PDCCH monitoring of the UE by the RRC. If the DRX is configured when the UE is
in the RRC_CONNECTED state, the MAC entity may discontinuously monitor the
PDCCH according to the described DRX operation. When using the DRX operation,
the MAC entity should monitor the PDCCH by using a specific band at a specific time
according to the specific requirements. At least one of the following parameters is
configured for the DRX operation: drx_BandIndex, onDurationTimer, drx-
InactivityTimer, drx-RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-
Cycle, drxStartOffset, drxShortCycleTimer, shortDRX-Cycle.

The drx_BandIndex related to the band may be included in the DRX configuration or
may be defined with an index of the band configured as a default band or a primary
band in the band configuration included in the RRC Connection(re-)Configuration
procedure without being included in the DRX configuration.

For example, it may be indicated as drx_BandIndex = defaultBandIndex, or
drx_BandIndex = primaryBandIndex.

If the DRX cycle is configured, the MAC entity of the UE operates in active time in
case of the follows:

- when at least one of onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, and mac-
ContentionResolutionTimer is running,

- when scheduling request (SR) is sent to PUCCH and pending,
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[721] - when a UL grant for unsent HARQ retransmission can occur, and

[722] - when a control signal is generated for the first transmission on the PDCCH after
receiving the RAR.

[723] If the DRX is configured, the MAC entity of the UE performs the followings in every
subframe (or slot, symbol, or time unit set by RRC).

[724] - When DRX Command MAC CE or Long DRX Command MAC CE is received,

[725] stop onDurationTimer and drx-Inactivity Timer.

[726] - When the drx-Inactivity Timer expires or the DRX Command MAC CE is received,

[727] B if the short DRX cycle is configured, (re)start the drxShortCycleTimer and use the
short DRX cycle.

[728] B if the short DRX cycle is not configured, use the long DRX cycle.

[729] - When the drxShortCycleTimer expires, use the long DRX cycle.

[730] - When the drxShortCycleTimer has not expired and when the Long DRX Command
MAC CE is received,

[731] stop the drxShortCycleTimer and use the long DRX cycle.

[732] - When the UE is using the short DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

[733] B [(SFN * 10) + subframe number| modulo(shortDRX-Cycle) = (drxStartOffset)
modulo(shortDRX-Cycle).

[734] - When the UE is using the long DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

[735] B [(SFN * 10) + subframe number| modulo(longDRX-Cycle) = drxStartOffset.

[736] The MAC entity of the UE monitors the PDCCH in a subframe (or slot, symbol, or
time unit set by RRC) in which the PDCCH is present in Active Time, and in a band
indicated by the drx_BandIndex. If the PDCCH indicates DL transmission in this
subframe, or if a DL assignment is set in this subframe, the UE starts the HARQ RTT
timer for the corresponding HARQ process and stops the drx-RetransmissionTimer for
the same HARQ process.

[737] If the PDCCH indicates UL transmission in this subframe, or if an UL grant is set in
this subframe, the UE starts the UL HARQ RTT timer for the HARQ process of the
subframe including the last retransmission of corresponding PUSCH transmission.
Also, the UE stops the DRX_ULRetransmissionTimer for the same HARQ process.

[738] If the PDCCH indicates a new transmission, the UE (re)starts the drx-In-
activity Timer.

[739] [Embodiment 4-2]

[740] The embodiment 4-2 shows an operation procedure that supports case B 6720 in FIG.
67.

[741] A MAC entity may be configured to have a DRX function for controlling the
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PDCCH monitoring of the UE by the RRC. If the DRX is configured when the UE is
in the RRC_CONNECTED state, the MAC entity may discontinuously monitor the
PDCCH according to the described DRX operation. When using the DRX operation,
the MAC entity should monitor the PDCCH by using a specific band at a specific time
according to the specific requirements. At least one of the following parameters is
configured for the DRX operation: onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-Cycle, drxStartOffset,
drx_BandIndex_longDRX-Cycle, drxShortCycleTimer, shortDRX-Cycle.

The drx_BandIndex_longDRX-Cycle related to the band may be included in the
DRX configuration or may be defined with an index of the band configured as a
default band or a primary band in the band configuration included in the RRC
Connection(re-)Configuration procedure without being included in the DRX con-
figuration.

For example, it may be indicated as drx_BandIndex_longDRX-Cycle = default-
BandIndex, or drx_BandIndex_longDRX-Cycle = primaryBandIndex.

If the DRX cycle is configured, the MAC entity of the UE operates in active time in
case of the follows:

- when at least one of onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, and mac-
ContentionResolutionTimer is running,

- when scheduling request (SR) is sent to PUCCH and pending,

- when a UL grant for unsent HARQ retransmission can occur, and

- when a control signal is generated for the first transmission on the PDCCH after
receiving the RAR.

If the DRX is configured, the MAC entity of the UE performs the followings in every
subframe (or slot, symbol, or time unit set by RRC).

- When DRX Command MAC CE or Long DRX Command MAC CE is received,

stop onDurationTimer and drx-Inactivity Timer.

- When the drx-Inactivity Timer expires or the DRX Command MAC CE is received,

B if the short DRX cycle is configured, (re)start the drxShortCycleTimer and use the
short DRX cycle.

B if the short DRX cycle is not configured, use the long DRX cycle.

- When the drxShortCycleTimer expires, use the long DRX cycle.

- When the drxShortCycleTimer has not expired and when the Long DRX Command
MAC CE is received,

stop the drxShortCycleTimer and use the long DRX cycle.

- When the UE is using the short DRX cycle and satisfies the following equation

according to current SFN and subframe values, start the onDurationTimer.
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B [(SFN * 10) + subframe number| modulo (shortDRX-Cycle) = (drxStartOffset)
modulo (shortDRX-Cycle).

- When the UE is using the long DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

B [(SFN * 10) + subframe number| modulo (longDRX-Cycle) = drxStartOffset.

The MAC entity of the UE monitors the PDCCH in a subframe (or slot, symbol, or
time unit set by RRC) in which the PDCCH is present in Active Time, and in a band
indicated by the drx_BandIndex_longDRX-Cycle if the long DRX cycle is used. If the
PDCCH indicates DL transmission in this subframe, or if a DL assignment is set in this
subframe, the UE starts the HARQ RTT timer for the corresponding HARQ process
and stops the drx-RetransmissionTimer for the same HARQ process.

If the PDCCH indicates UL transmission in this subframe, or if an UL grant is set in
this subframe, the UE starts the UL HARQ RTT timer for the HARQ process of the
subframe including the last retransmission of corresponding PUSCH transmission.
Also, the UE stops the DRX_ULRetransmissionTimer for the same HARQ process.

If the PDCCH indicates a new transmission, the UE (re)starts the drx-In-
activity Timer.

[Embodiment 4-3]

The embodiment 4-3 shows an operation procedure that supports both case A 6710
and case B 6720 in FIG. 67.

A MAC entity may be configured to have a DRX function for controlling the
PDCCH monitoring of the UE by the RRC. If the DRX is configured when the UE is
in the RRC_CONNECTED state, the MAC entity may discontinuously monitor the
PDCCH according to the described DRX operation. When using the DRX operation,
the MAC entity should monitor the PDCCH by using a specific band at a specific time
according to the specific requirements. At least one of the following parameters is
configured for the DRX operation: onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-Cycle, drxStartOffset,
drx_BandIndex_longDRX-Cycle, drxShortCycleTimer, shortDRX-Cycle,
drx_BandIndex_shortDRX-Cycle.

The drx_BandIndex_longDRX-Cycle or the drx_BandIndex_shortDRX-Cycle
related to the band may be included in the DRX configuration or may be defined with
an index of the band configured as a default band or a primary band in the band con-
figuration included in the RRC Connection(re-)Configuration procedure without being
included in the DRX configuration.

For example, it may be indicated as drx_BandIndex_shortDRX-Cycle = default-
BandIndex, or drx_BandIndex_longDRX-Cycle = primaryBandIndex.

If the DRX cycle is configured, the MAC entity of the UE operates in active time in
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case of the follows:

- when at least one of onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, and mac-
ContentionResolutionTimer is running,

- when scheduling request (SR) is sent to PUCCH and pending,

- when a UL grant for unsent HARQ retransmission can occur, and

- when a control signal is generated for the first transmission on the PDCCH after
receiving the RAR.

If the DRX is configured, the MAC entity of the UE performs the followings in every
subframe (or slot, symbol, or time unit set by RRC).

- When DRX Command MAC CE or Long DRX Command MAC CE is received,

stop onDurationTimer and drx-Inactivity Timer.

- When the drx-Inactivity Timer expires or the DRX Command MAC CE is received,

B if the short DRX cycle is configured, (re)start the drxShortCycleTimer and use the
short DRX cycle.

B if the short DRX cycle is not configured, use the long DRX cycle.

- When the drxShortCycleTimer expires, use the long DRX cycle.

- When the drxShortCycleTimer has not expired and when the Long DRX Command
MAC CE is received,

stop the drxShortCycleTimer and use the long DRX cycle.

- When the UE is using the short DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

B [(SFN * 10) + subframe number| modulo(shortDRX-Cycle) = (drxStartOffset)
modulo(shortDRX-Cycle).

- When the UE is using the long DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

B [(SFN * 10) + subframe number| modulo(longDRX-Cycle) = drxStartOffset.

The MAC entity of the UE monitors the PDCCH in a subframe (or slot, symbol, or
time unit set by RRC) in which the PDCCH is present in Active Time, and in a band
indicated by the drx_BandIndex_shortDRX-Cycle if the short DRX cycle is used, or in
a band indicated by the drx_BandIndex_longDRX-Cycle if the long DRX cycle is
used. If the PDCCH indicates DL transmission in this subframe, or if a DL assignment
is set in this subframe, the UE starts the HARQ RTT timer for the corresponding
HARQ process and stops the drx-RetransmissionTimer for the same HARQ process.

If the PDCCH indicates UL transmission in this subframe, or if an UL grant is set in
this subframe, the UE starts the UL HARQ RTT timer for the HARQ process of the
subframe including the last retransmission of corresponding PUSCH transmission.
Also, the UE stops the DRX_ULRetransmissionTimer for the same HARQ process.
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[790] If the PDCCH indicates a new transmission, the UE (re)starts the drx-In-
activity Timer.

[791] [Embodiment 4-4]

[792] The embodiment 4-4 shows an operation procedure that supports case B 6720 in FIG.
67.

[793] A MAC entity may be configured to have a DRX function for controlling the
PDCCH monitoring of the UE by the RRC. If the DRX is configured when the UE is
in the RRC_CONNECTED state, the MAC entity may discontinuously monitor the
PDCCH according to the described DRX operation. When using the DRX operation,
the MAC entity should monitor the PDCCH by using a specific band at a specific time
according to the specific requirements. At least one of the following parameters is
configured for the DRX operation: onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-Cycle, drxStartOffset,
drx_BandIndex_longDRX-Cycle, drxShortCycleTimer, shortDRX-Cycle.

[794] The drx_BandIndex_longDRX-Cycle related to the band may be included in the
DRX configuration or may be defined with an index of the band configured as a
default band or a primary band in the band configuration included in the RRC
Connection(re-)Configuration procedure without being included in the DRX con-
figuration.

[795] For example, it may be indicated as drx_BandIndex_longDRX-Cycle = default-
BandIndex, or drx_BandIndex_longDRX-Cycle = primaryBandIndex.

[796] If the DRX cycle is configured, the MAC entity of the UE operates in active time in
case of the follows:

[797] - when at least one of onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, and mac-

ContentionResolutionTimer is running,

[798] - when scheduling request (SR) is sent to PUCCH and pending,

[799] - when a UL grant for unsent HARQ retransmission can occur, and

[800] - when a control signal is generated for the first transmission on the PDCCH after
receiving the RAR.

[801] If the DRX is configured, the MAC entity of the UE performs the followings in every

subframe (or slot, symbol, or time unit set by RRC).

[802] - When DRX Command MAC CE or Long DRX Command MAC CE is received,
[803] stop onDurationTimer and drx-Inactivity Timer.

[804] - When the drx-Inactivity Timer expires or the DRX Command MAC CE is received,
[805] B if the short DRX cycle is configured, (re)start the drxShortCycleTimer and use the

short DRX cycle.
[806] M if the short DRX cycle is not configured, use the long DRX cycle and use a band
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indicated by the drx_BandIndex_longDRX-Cycle.

- When the drxShortCycleTimer expires, use the long DRX cycle and use a band
indicated by the drx_BandIndex_longDRX-Cycle.

- When the drxShortCycleTimer has not expired and when the Long DRX Command
MAC CE is received,

stop the drxShortCycleTimer, use the long DRX cycle, and use a band indicated by
the drx_BandIndex_longDRX-Cycle.

- When the UE is using the short DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

B [(SFN * 10) + subframe number| modulo(shortDRX-Cycle) = (drxStartOffset)
modulo(shortDRX-Cycle).

- When the UE is using the long DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

B [(SFN * 10) + subframe number| modulo(longDRX-Cycle) = drxStartOffset.

The MAC entity of the UE monitors the PDCCH in a subframe (or slot, symbol, or
time unit set by RRC) in which the PDCCH is present in Active Time. If the PDCCH
indicates DL transmission in this subframe, or if a DL assignment is set in this
subframe, the UE starts the HARQ RTT timer for the corresponding HARQ process
and stops the drx-RetransmissionTimer for the same HARQ process.

If the PDCCH indicates UL transmission in this subframe, or if an UL grant is set in
this subframe, the UE starts the UL HARQ RTT timer for the HARQ process of the
subframe including the last retransmission of corresponding PUSCH transmission.
Also, the UE stops the DRX_ULRetransmissionTimer for the same HARQ process.

If the PDCCH indicates a new transmission, the UE (re)starts the drx-In-
activity Timer.

[Embodiment 4-5]

The embodiment 4-5 shows an operation procedure that supports both case A 6710
and case B 6720 in FIG. 67.

A MAC entity may be configured to have a DRX function for controlling the
PDCCH monitoring of the UE by the RRC. If the DRX is configured when the UE is
in the RRC_CONNECTED state, the MAC entity may discontinuously monitor the
PDCCH according to the described DRX operation. When using the DRX operation,
the MAC entity should monitor the PDCCH by using a specific band at a specific time
according to the specific requirements. At least one of the following parameters is
configured for the DRX operation: onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-Cycle, drxStartOffset,
drx_BandIndex_longDRX-Cycle, drxShortCycleTimer, shortDRX-Cycle,
drx_BandIndex_shortDRX-Cycle.



89

WO 2018/143727 PCT/KR2018/001456

[820]

[821]

[822]

[823]
[824]
[825]

[826]

[827
[828
[829
[830

—_— e e

[831]

[832]

[833]

[834]

[835]

[836]

[837]

[838]

The drx_BandIndex_longDRX-Cycle or the drx_BandIndex_shortDRX-Cycle
related to the band may be included in the DRX configuration or may be defined with
an index of the band configured as a default band or a primary band in the band con-
figuration included in the RRC Connection(re-)Configuration procedure without being
included in the DRX configuration. For example, it may be indicated as
drx_BandIndex_shortDRX-Cycle = defaultBandIndex, or
drx_BandIndex_longDRX-Cycle = primaryBandIndex.

If the DRX cycle is configured, the MAC entity of the UE operates in active time in
case of the follows:

- when at least one of onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, and mac-
ContentionResolutionTimer is running,

- when scheduling request (SR) is sent to PUCCH and pending,

- when a UL grant for unsent HARQ retransmission can occur, and

- when a control signal is generated for the first transmission on the PDCCH after
receiving the RAR.

If the DRX is configured, the MAC entity of the UE performs the followings in every
subframe (or slot, symbol, or time unit set by RRC).

- When DRX Command MAC CE or Long DRX Command MAC CE is received,

stop onDurationTimer and drx-Inactivity Timer.

- When the drx-Inactivity Timer expires or the DRX Command MAC CE is received,

M if the short DRX cycle is configured, (re)start the drxShortCycleTimer, use the
short DRX cycle, and use a band indicated by the drx_BandIndex_shortDRX-Cycle.

B if the short DRX cycle is not configured, use the long DRX cycle, and use a band
indicated by the drx_BandIndex_longDRX-Cycle.

- When the drxShortCycleTimer expires, use the long DRX cycle, and use a band
indicated by the drx_BandIndex_longDRX-Cycle.

- When the drxShortCycleTimer has not expired and when the Long DRX Command
MAC CE is received,

stop the drxShortCycleTimer, use the long DRX cycle, and use a band indicated by
the drx_BandIndex_longDRX-Cycle.

- When the UE is using the short DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

B [(SFN * 10) + subframe number| modulo(shortDRX-Cycle) = (drxStartOffset)
modulo(shortDRX-Cycle).

- When the UE is using the long DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

B [(SFN * 10) + subframe number| modulo(longDRX-Cycle) = drxStartOffset.
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The MAC entity of the UE monitors the PDCCH in a subframe (or slot, symbol, or
time unit set by RRC) in which the PDCCH is present in Active Time. If the PDCCH
indicates DL transmission in this subframe, or if a DL assignment is set in this
subframe, the UE starts the HARQ RTT timer for the corresponding HARQ process
and stops the drx-RetransmissionTimer for the same HARQ process.

If the PDCCH indicates UL transmission in this subframe, or if an UL grant is set in
this subframe, the UE starts the UL HARQ RTT timer for the HARQ process of the
subframe including the last retransmission of corresponding PUSCH transmission.
Also, the UE stops the DRX_ULRetransmissionTimer for the same HARQ process.

If the PDCCH indicates a new transmission, the UE (re)starts the drx-In-
activity Timer.

[Embodiment 4-6]

The embodiment 4-6 shows an operation procedure that supports case C 6730 in FIG.
67.

A MAC entity may be configured to have a DRX function for controlling the
PDCCH monitoring of the UE by the RRC. If the DRX is configured when the UE is
in the RRC_CONNECTED state, the MAC entity may discontinuously monitor the
PDCCH according to the described DRX operation. When using the DRX operation,
the MAC entity should monitor the PDCCH by using a specific band at a specific time
according to the specific requirements. At least one of the following parameters is
configured for the DRX operation: drx_BandIndex, onDurationTimer, drx-
InactivityTimer, drx-RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-
Cycle, drxStartOffset, drxShortCycleTimer, shortDRX-Cycle.

The drx_BandIndex related to the band may be included in the DRX configuration or
may be defined with an index of the band configured as a default band or a primary
band in the band configuration included in the RRC Connection(re-)Configuration
procedure without being included in the DRX configuration.

For example, it may be indicated as drx_BandIndex = defaultBandIndex, or
drx_BandIndex = primaryBandIndex.

If the DRX cycle is configured, the MAC entity of the UE operates in active time in
case of the follows:

- when at least one of onDurationTimer, drx-InactivityTimer, drx-
RetransmissionTimer, drx-ULRetransmissionTimer, and mac-
ContentionResolutionTimer is running,

- when scheduling request (SR) is sent to PUCCH and pending,

- when a UL grant for unsent HARQ retransmission can occur, and

- when a control signal is generated for the first transmission on the PDCCH after

receiving the RAR.
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[852] If the DRX is configured, the MAC entity of the UE performs the followings in every

subframe (or slot, symbol, or time unit set by RRC).

[853] - When DRX Command MAC CE or Long DRX Command MAC CE is received,
[854] stop onDurationTimer and drx-Inactivity Timer.
[855] - When the current Active Band is not equal to a band indicated by the

drx_BandIndex;
[856] B if the drx-Inactivity Timer expires,
[857] @ use a band indicated by the drx_BandIndex, and
[858] @ (re)start the drx-InactivityTimer.
[859]
[860]
[861]

- When the current Active Band is equal to a band indicated by the drx_BandIndex;

B if the drx-Inactivity Timer expires or if the DRX Command MAC CE is received,

@ if the short DRX cycle is configured, (re)start the drxShortCycleTimer and use the
short DRX cycle.

[862] @ if the short DRX cycle is not configured, use the long DRX cycle.

[863] B if the drxShortCycleTimer expires, use the long DRX cycle.

[864] B if the drxShortCycleTimer has not expired, and if the Long DRX Command MAC
CE is received,

[865] stop the drxShortCycleTimer and use the long DRX cycle.

[866] B When the UE is using the short DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

[867] @ [(SEN * 10) + subframe number] modulo(shortDRX-Cycle) = (drxStartOffset)
modulo(shortDRX-Cycle).

[868] B When the UE is using the long DRX cycle and satisfies the following equation
according to current SFN and subframe values, start the onDurationTimer.

[869] @ [(SEN * 10) + subframe number] modulo(longDRX-Cycle) = drxStartOffset.

[870] The MAC entity of the UE monitors the PDCCH in a subframe (or slot, symbol, or
time unit set by RRC) in which the PDCCH is present in Active Time. If the PDCCH
indicates DL transmission in this subframe, or if a DL assignment is set in this
subframe, the UE starts the HARQ RTT timer for the corresponding HARQ process
and stops the drx-RetransmissionTimer for the same HARQ process.

[871] If the PDCCH indicates UL transmission in this subframe, or if an UL grant is set in
this subframe, the UE starts the UL HARQ RTT timer for the HARQ process of the
subframe including the last retransmission of corresponding PUSCH transmission.
Also, the UE stops the DRX_ULRetransmissionTimer for the same HARQ process.

[872] If the PDCCH indicates a new transmission, the UE (re)starts the drx-In-
activity Timer.

[873] In the inter-band timer-based switching operation of the disclosure, the band to

which the UE moves due to the timer expiration may be determined according to one
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of the following methods.

1) In case of switching from band 1 to band 2, return to band 1 due to the timer ex-
piration.

2) Set a band for switching per timer

3) Return to the previous band due to the timer expiration

4) Return to a band of given priority due to the timer expiration

The inter-band timer-based switching operation of the disclosure is as follows.

FIG. 68 is a diagram illustrating a timer-based band switching operation according to
an embodiment of the disclosure n.

Referring to FIG. 68, when a given condition or a condition configured by the base
station is satisfied, the terminal triggers a timer for one band at operation S6810. Some
of operation characteristics of the timer, for example, a timer increase/decrease time, a
timer increase/decrease value, and a timer expiration value may be given in advance or
configured by the base station.

Depending on whether the condition is satisfied, the terminal may start the timer or
increase or decrease a timer value. When the current value of the timer reaches the
timer expiration value, the terminal switches from a current band (the first band) to
another band (the second band) at operation S6820. Also, the terminal stops the timer
operation for the first band.

The second band to which the terminal will switch may be given in advance or
configured by the base station.

FIG. 69 is a diagram illustrating another timer-based band switching operation
according to an embodiment of the disclosure.

Referring to FIG. 69, when the terminal receives a scheduling indication for the first
band from the base station at operation S6910, the terminal triggers a timer for the first
band at operation S6920. According to a predetermined rule, the timer increases or
decreases by a certain amount in time.

Then, at operation S6930, the terminal determines whether the timer expires. If the
scheduling indication for the first band is received again even though the timer does
not expire, the terminal restarts the timer for the first band.

When the timer value reaches a given timer expiration value, the terminal switches
from the first band to the second band at operation S6940. Also, the terminal stops the
timer operation for the first band.

FIG. 70 is a diagram illustrating still another timer-based band switching operation
according to an embodiment of the disclosure.

Referring to FIG. 70, when an indication of switching from the currently operating
band to the first band is received from the base station at operation S7010, the terminal

triggers a timer for the first band at operation S7020. According to a predetermined
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rule, the timer increases or decreases by a certain amount in time.

Then, at operation S7030, the terminal determines whether the timer expires. If the
scheduling indication for the first band is received again even though the timer does
not expire, the terminal restarts the timer for the first band.

When the timer value reaches a given timer expiration value, the terminal switches
from the first band to the second band at operation S7040. Also, the terminal stops the
timer operation for the first band.

FIG. 71 is a diagram illustrating yet another timer-based band switching operation
according to an embodiment of the disclosure.

Referring to FIG. 71, when an indication of switching to the first band is received
from the base station at operation S7110, the terminal triggers a timer for the first band
at operation S7120.

If the terminal that operates in the first band does not receive a scheduling indication
for the first band at a given time at operation S7130, the terminal proceeds with the
timer for the first band at operation S7140 so that the timer value is increased or
decreased by a given amount according to a predetermined rule.

If the scheduling indication for the first band is received even though the timer for
the first band does not expire, the terminal restarts the timer for the first band. When
the timer value reaches a given timer expiration value at operation S7150, the terminal
switches from the first band to the second band at operation S7160. Also, the terminal
stops the timer operation for the first band.

FIG. 72 is a diagram illustrating a configuration of a terminal according to an em-
bodiment of the disclosure.

Referring to FIG. 72, the terminal may include a transceiver 7210 for transmitting/
receiving a signal to/from any other device, and a controller 7220 for controlling all
operations of the terminal. In the disclosure, the controller 7220 may be defined as a
circuit, an application specific integrated circuit, or at least one processor.

The controller 7220 may perform the above-described operations according to
various embodiments of the disclosure, including a BW controller 7221, a DRX
controller 7222, and a system time controller 7223. For example, the controller 7220
may control a signal flow between respective blocks to perform operations according
to the first to fourth embodiments described above. However, the controller 7220 and
the transceiver 7110 are not necessarily implemented as separate apparatuses, and may
be implemented as a single unit in the form of a single chip.

FIG. 73 is a diagram illustrating a configuration of a base station according to an em-
bodiment of the disclosure.

Referring to FIG. 73, the base station may include a transceiver 7310, a controller

7320, and a memory 7330 (i.e., a storage device). In the disclosure, the controller may



94

WO 2018/143727 PCT/KR2018/001456

[900]

[901]

[902]

[903]

[904]

[905]

[906]

[907]

be defined as a circuit, an application specific integrated circuit, or at least one
processor.

The transceiver 7310 may transmit and receive signals. The controller 7320 may
control the overall operation of the base station according to the first to fourth em-
bodiments of the disclosure. For example, the controller 7320 may control a signal
flow between respective blocks to perform operations according to the first to fourth
embodiments described above.

It is to be noted that structures, procedures, operations, functions, and the like
described above and illustrated in the drawings are not intended to limit the scope of
the disclosure. That is, it should not be construed that all of the described or illustrated
elements are essential for the implementation of the disclosure.

The above-described operations of the base station and the terminal can be realized
by providing a memory device storing program codes to an arbitrary component
equipped in the base station or the terminal. That is, the controller of the base station or
terminal may execute the above-described operations by reading and executing the
program codes stored in the memory device by a processor or a central processing unit
(CPU).

Various components, modules, etc. of the entity, base station, or terminal described
herein may be implemented in a hardware circuit, €.g., a complementary metal oxide
semiconductor (CMOS) based logic circuit, a firmware, a software, or a combination
thereof. In one example, various electrical structures and methods may be implemented
using electrical circuits such as transistors, logic gates, and custom semiconductors.

Meanwhile, in the drawings illustrating the method of the disclosure, the order of de-
scription does not necessarily correspond to the order of execution, and the relationship
of order may be changed or executed in parallel.

In addition, the drawings illustrating the method of the disclosure may omit some of
elements and include only some of elements within the scope of the disclosure.

Further, the above-discussed embodiments of the disclosure may be combined and
executed or only some components thereof may be combined and executed within the
scope of the disclosure.

While the disclosure has been shown and described with reference to various em-
bodiments thereof, it will be understood by those skilled in the art that various changes
in form and details may be made therein without departing from the spirit and scope of

the disclosure as defined by the appended claims and their equivalents.
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Claims

A method of a terminal in a wireless communication system, the
method comprising:

receiving first scheduling information for a first frequency band from a
base station;

switching a bandwidth to the first frequency band according to the first
scheduling information;

starting a timer for the first frequency band; and

switching the bandwidth to a second frequency band when the timer
expires.

The method of claim 1, wherein a value of the timer is configured
through the first scheduling information or radio resource control
(RRC) signaling.

The method of claim 1, further comprising:

restarting the timer when receiving second scheduling information or
receiving data through the first frequency band before the timer expires.
The method of claim 1, wherein the second frequency band includes at
least one of a bandwidth prior to switching the bandwidth to the first
frequency band or a predetermined bandwidth.

A method of a base station in a wireless communication system, the
method comprising:

transmitting first scheduling information for a first frequency band to a
terminal;

switching a bandwidth to the first frequency band according to the first
scheduling information;

starting a timer for the first frequency band; and

switching the bandwidth to a second frequency band when the timer
expires.

The method of claim 5, wherein a value of the timer is configured
through the first scheduling information or radio resource control
(RRC) signaling.

The method of claim 5, further comprising:

restarting the timer when receiving second scheduling information or
receiving data through the first frequency band before the timer expires.
The method of claim 5, wherein the second frequency band includes at
least one of a bandwidth prior to changing the bandwidth to the first

frequency band or a predetermined bandwidth.
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[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]
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A terminal in a wireless communication system, the terminal
comprising:

a transceiver; and

a controller configured to:

receive first scheduling information for a first frequency band from a
base station,

switch a bandwidth to the first frequency band according to the first
scheduling information,

start a timer for the first frequency band, and

switch the bandwidth to a second frequency band when the timer
expires.

The terminal of claim 9, wherein a value of the timer is configured
through the first scheduling information or radio resource control
(RRC) signaling.

The terminal of claim 9, wherein the controller is further configured to
restart the timer when receiving second scheduling information or
receiving data through the first frequency band before the timer expires.
The terminal of claim 9, wherein the second frequency band includes at
least one of a bandwidth prior to switching the bandwidth to the first
frequency band or a predetermined bandwidth.

A base station in a wireless communication system, the base station
comprising:

a transceiver; and

a controller configured to:

transmit first scheduling information for a first frequency band to a
terminal,

switch a bandwidth to the first frequency band according to the first
scheduling information,

start a timer for the first frequency band, and

switch the bandwidth to a second frequency band when the timer
expires.

The base station of claim 13, wherein a value of the timer is configured
through the first scheduling information or radio resource control
(RRC) signaling.

The base station of claim 13, wherein the controller is further
configured to restart the timer when receiving second scheduling in-
formation or receiving data through the first frequency band before the

timer expires,



97
WO 2018/143727 PCT/KR2018/001456

wherein the second frequency band includes at least one of a bandwidth
prior to changing the bandwidth to the first frequency band or a prede-

termined bandwidth.



WO 2018/143727
[Fig. 1]

= sE S BE

LER 2%

oo =2

S5 o=

== [=; =]

—
ﬁ@
~

E

Data/C-RNTI

RAN notification area

RAN notification area

With valid C-RNTI

gB

5210

1/50

Without valid C-RNTI

giB

PCT/KR2018/001456



2/50

WO 2018/143727 PCT/KR2018/001456
[Fig. 3]
With valid C-RNTI Without valid C-RNTI
UE oNB anB
Data/A-RNTI §310
[Fig. 4]
With valid C-RNTI Without valid G-RNTI
UE ahB o\
Paging/A-RNTI S0
RA preamble/A-RTI 8420
Data/A-RNTI $430
[Fig. 5]
With valid C-RNTI Without valid C-RNTI
UE aNB aNB
Paging/A-RNTI 8910
RA Dreamble .
RAR
MSG3/A-RNTI §920
Data/A-RNTI $530




3/50

WO 2018/143727 PCT/KR2018/001456

[Fig. 6]

. GNB with
6107 valid c-RNTI

gNB without
620 yalig c-RNTI

Mo
P

ghB with
valid C-RATI

720
—~

ghB without
valid C-RNTI

810

(&) Y
ghB with
valid C-RNTI

() 820
/L/

aNB without
valid C-RNTI

(o=

RAN notification area



WO 2018/143727

[Fig. 9]

() (t9) (@)

RAN notification area

()

()

%
E

4/50

910
—

ghB with
valid C-RNTI

920
P

gNB without
valid C-RNTI

alB with
valid C-RNTI

oNB without
valid C-RNTI

PCT/KR2018/001456



WO 2018/143727

[Fig. 11]

1100

Frame

subframe

RS Subframe Period

RS Subframe

(o]
[+
fo=]
P
—
2
(= =}

5/50

Beam Beam

4

2

PCT/KR2018/001456



6/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 12]

poliad suwenans Sy
PR L N

awelqns ¢ sy

ouwe

swelqans

aweans | sy



7/50

WO 2018/143727 PCT/KR2018/001456

[Fig. 13]

e
R
e S D N R B -
2
[=] o
=] >
=)
— [
[ 7]}
o=

Frame
RS 1 Period

Subframe

RS 2 Subframe

RS 1 Subframe



8/50

WO 2018/143727 PCT/KR2018/001456
[Fig. 14]
( START >
Y
51410
Measure all reference signals ~
Y
51420
Classify reference signals by type —
Y
. . 51430
Calculate cell representative value by using |
measured values of classified reference signals
Y
. . : $1440
Using cell representative value (Select idie mode cellor |-~
perform connected mode RRM measurement etc..)
Y
END
[Fig. 15]
RS tyne 1 classification
BStoei  Beam!  Measured valles ——»
Btoel  Beam2  Weasured vales —— -
\ | 1500
RS tyne 1 Beam N Measured valugs ——————» ? !
Cell renresentgtwe representative
PN value calculation value
RS type 2 Beam1  Measured values ——————m
Rtwe2  Beam2  Measured valles —— =
|
RStoe2  Beam  Measured valies — =

RS type 2 classification



9/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 16]

aMeA

aneluesaldal —
(13D
\f\
0091

09

P

ng paibiam

/aBeJMy /ung
3 Sleaq Iy
Jue3q 1s3q

eaq 1s8q aul

U0l NI|RD anjeR AeILASaIdel (9]

LIONRINI[ed 3NjeA SANBIUASAITA 139

ORISR

7 a0R1 SH

SIRUBIS (12 199}aS

| |

|

Dasn a0 0} SH J0 LORD9IaS
LONEALISSe)

| 90A) SH

Sonfen pa.nsealy

Sonjen painseap

Son[en pa.nsealy

Sen[en paInsealy

Senjen painseajy

Sen[en pa.nsealy

) Wesg

g lesg

| Weag

N Leag

¢ lieag

| Weag

¢ 90f) oY

¢ 901 Y

7 301 84

| 30f) S4

| 80K} SH

| 30f) SH



10/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 17]

anjer
BANBIUASAING) ~=e

[CH]
—~
0oL}

Uopealssel)
=/_: ¢ adfy sy
UOO3[3G - T
| a0f) SH W
wng pa1uBiaM ~ - - , /
abesany fung [ ‘
g SUeal I ~_ .
JUeaq 1830 B x ,, N
juesgisoqoy [~ w | - .
/ \,, } , |
LOREINoIED 8Nje AAEILASaItal (199 - - L
D3SN 8 01 4 Jo LO99(aS N
Uoealssel)
LONBINa[ed aNjeh AReLasaIdal [19] | 90f) Sy

SanjeA panseayy N weag

SanjeA painsesyy 7 weag

SonjeA painsealy | wesd

SanjeA pansesy N weag

SaneA painsesy g wesg

SanjeA panseayy | wesg

2 90f 5y

¢ 90R G4

¢ 900 4

| 90 SY

| 80f) SY

| 90f) Sy

[Fig. 18]

1820

1810

Cell representative value
determination method using RS

(Index, # of beams, --

Preferred RS index




11/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 19]

[~ ‘SWBaq JO # ‘Xapul)

[ ‘SWeaq 40 # Xapu|]

[ ‘SWeaq J0 # ¥apul)

N 9dA) Sy Buisn N xapu| ¢ 90 Sy Buisn g xapul | 90 Sy Buisn | Xapul
poYSW Loneulwialap | SH PaLIBiald POLIaW UONBUIUIAIBD | SH PBIIBJBI | PpOLISW UONBUILIRIAD | SH PRIISIRId
anieA BAIIeIISSINR) (19D anjeA aAeIL3SaINal (18] an[eA anReIUasaIdal 1199
096} 0€6} 0561 026! 0v61 016}

[Fig. 20]

2040

2030

2020

2010

Weight

Weight

Weight
1

2
(Weighted
Summation]

K
{beamsl

Preferred
RS index

Index




12/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 21]

S4 apow 3101
wolj fnuenn  ~e———
Juswiainsea |37

uonealiap
aN[eA [BA9] [19)
pue Buuiay

Sd apow 70|

A

SH [euoiippe
wolj fyuend  ~-———
juswiainseaul 137

uoneAlan
aN[eA [3A9] [13]
pue BunaNly

A

)

A

A

Sd leuonippy

N weag yim Sy spour 110l
¢ Weag yum sy spour 10l
| weag yum SH spoul 1101
N Weag yim SY |euonippy

¢ Weag Yum Y jeuonippy

| Weag Unm SY |euomppy



13/50

WO 2018/143727 PCT/KR2018/001456
[Fig. 22]
C UE Start ) C eNB Start )

52210
Report measurement result of RS type 1

(heam feedback, measurement report, -~

-
-

y
Determine whether jmﬂ
transmission of
RS type 2 is needed

$2230
- Transmit RS type 2 [e.g., narrow beam »
- based RS, additional RS, CSI-RS, BRRS, -] [
$2240
Report measurement result of RS type 2 |
(beam feedback, measurement report, - o

52250

$2260
| —

Request or instruct YES

mobility change

A

Mobility change needed?

END



14/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 23]

JANeIUISDId) |13

\ll\
0€ee

anjea

Z WBIBM

| WBIaM

SH apow 11ai
o4y Ayjuenn
juswiainsesw |13

Sd leuonippe
woJy Anuenn
Justainsesiu [|ag

uonealap
anien 13n3| 189
pue Buual4

A

SH apow 3101

A

[}

UONBALISP
anjen |3A3| 1189
pue Bupall

|

A

A

Sd [euonippy

N weag uim SY apow 1|

¢ Weag Yum SH apow 1101

| weag yum SY apow 1101

N Weag Yim Sy |euoninpy

¢ Weag yum Sy |euonippy

| Wead uim SH |euoninpy



PCT/KR2018/001456

15/50

WO 2018/143727

[Fig. 24]

2 Wi
SH apou 310
- L NUESg UM Sy BpOW FID)
- ‘/ L Zueag uys S4 apow 710l
- — | UEag) UM 4 apow 31g)
uoneapap
anjen e
e L
0z - e i 4 lewonpy
- , | 7 Wieag UM Sy [eUONIDDY
- ———— | Weag UM SH [euoippy
SH [EUORIDDY
| BN
\‘\

11§74



PCT/KR2018/001456

16/50

WO 2018/143727

[Fig. 25]

SH apow 310
0652
SH apow 3101 &
WoJy Apuenb
Juswiainsesu |ag - - ; / N weag Ulm SH apow 1101
sweaq 13aq , |
UONBALIAD |
 WBIIM - gnasoouy | ; Weag yum Sy apow
0162 SN[BA [9AD] |19 |e pue suuey | /., \, ¢ g uum SH apow 1101
- - /,/, | weag yum Sy apow 1101
anjen '
aANRIUASAIA] 199
vy - <« NWEoR LM SH leUonIpDY
0882 Sweaq 1s9q o
LOBALap ,
| JuBIaM - INosoow |, 00 1 Weag Uum SY [euon!
an[en [oRg] (199 |- LB Bl , : Z Weag yum Sy [euonippy
St [BUORIDpe - - | LUBSF UHM SH [LORIDPY
wolj nuenn
UAWAINSeaUI [199 7
0ise SH IBUOIDDY



17/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 26]

g bIom

anjea

aneuasaldal 1ag

—
0282

| WBISM

SH apow 7101
woJj Anjuend

juswiainsesu |18

0892

0892

SH |euonippe
woJj Anuenn

juawiainsesai 19

e— SH spow 7101
- ®——— - / |
£-7 Jublsm - ! /,
uoneatiap m SWieaq 1saq | |
anjen 2 ZNesoouy | ;
19M31 1180 |~ 57 yyejam | PUB BUMRNY [T \
-—
|2 WBia
— \\\\ ./,,
-1 WBiom -
LoneAlap : Sweaq 189q ! i
anen 8 IN3s00ug |
19A91 118D | 7. ypjom | PUBBUMBNY |~ |
- // \,;
I-1 biam P
J\|\ \l\ L
Oesz 015 4 IBUOMIDY

N weag LM Sy apow 310l

¢ Weag yim Sy spow 31a|

| Weag yum SH apow 31ai

N Weag yim SH jeuonippy

¢ Weag Ulim SY |eucpIppy

| Wweag uim Sy eucnippy



18/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 27]

aniea
dAleuasaldal 139

\l\
08L¢

0vie
AL

B —

Lopealsp
aN[eA [aAg] 18]

N-1 JUBIBM

1~ WBIaM

N-2 WEIaM

-1 uBISM

- bIsM

02Le
L

swieaq 1saq

¢N 9S00U]
pue Buua

SH apow 1ai

A

suieaq 1saq

IN 9300U9
Pue Bually

A

A

A

A

/I\/
117

I-1 JUBI9M

\

A
0€LC

N

Sd leuonippy

N Wweag uim Sy spow 310l

¢ Weag yim Sy apow 1ai

| Weag uim Sy spow 1

N Weag yua Sy [euonippy

¢ Weag Ynm Sy [euonippy

| Weag Yum Sy [euonippy



19/50

PCT/KR2018/001456

WO 2018/143727

[Fig. 28]

onjea
aANeuSsaldal 18]

\JI\
0€82

————]

uoneaLisp
anen [ang) 189
pue 6utiayi

0482
A
|-Z UBISM
N-Z WEIIM Z-2 WBISM Sd mm_xcE £ 11
N-1 W6I9M S [euonippy
-1 UBIBM
I-1 JBIaM

J

)\
0182

N Weag yim Sy apow 31ai

¢ Lueag uym Sy apow 3101

| Wweag uim SH apow 310

N Wesg LM Sy [euonippy

¢ Weag UM Sy |euopippy

| Weag LM Sy leuomppy



20/50

WO 2018/143727 PCT/KR2018/001456
[Fig. 29]
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[Fig. 34]
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[Fig. 36]
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[Fig. 37]
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[Fig. 38]
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[Fig. 39]
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[Fig. 43]
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[Fig. 47]
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[Fig. 70]

indication of switching to
1st band received?

§7020
LE (reltriggers timer for 1st band

Timer expires?

§7040
[

UE switches from 1st band to 2nd band

END



50/50

WO 2018/143727 PCT/KR2018/001456
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