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Description
[Technical Field]

[0001] The disclosure relates to a wireless communi-
cation system. More particularly, the disclosure relates
to an apparatus, a method and a system for system in-
formation acquisition, beam failure recovery and cell re-
selection in wireless communication system.

[Background Art]

[0002] 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 Net-
work’ or a’PostLong Term Evolution (LTE) System’. The
5G communication system is considered to be imple-
mented in higher frequency (mmWave) bands, e.g.,
60GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and in-
crease the transmission distance, the beamforming,
massive multiple-input multiple-output (MIMO), Full Di-
mensional MIMO (FD-MIMO), array antenna, an analog
beam forming, large scale antenna techniques are dis-
cussed in 5G communication systems. In addition, in 5G
communication systems, development for system net-
work improvement is under way based on advanced
small cells, cloud Radio Access Networks (RANSs), ultra-
dense networks, device-to-device (D2D) communica-
tion, wireless backhaul, moving network, cooperative
communication, Coordinated Multi-Points (CoMP), re-
ception-end interference cancellation and the like. In the
5G system, Hybrid FSK and QAM Modulation (FQAM)
and sliding window superposition coding (SWSC) as an
advanced coding modulation (ACM), and filter bank multi
carrier (FBMC), non-orthogonal multiple access (NO-
MA), and sparse code multiple access (SCMA) as an
advanced access technology have been developed.

[0003] The Internet, which is a human centered con-
nectivity network where humans generate and consume
information, is now evolving to the Internet of Things (1oT)
where distributed entities, such as things, exchange and
process information without human intervention. The In-
ternet of Everything (loE), which is a combination of the
loT 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 infrastruc-
ture", "service interface technology", and "Security tech-
nology" have been demanded for loT implementation, a
sensor network, a Machine-to-Machine (M2M) commu-
nication, Machine Type Communication (MTC), and so
forth have been recently researched. Such an IoT envi-
ronment may provide intelligent Internet technology serv-
ices that create a new value to human life by collecting
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and analyzing data generated among connected things.
loT 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 ad-
vanced medical services through convergence and com-
bination between existing Information Technology (IT)
and various industrial applications.

[0004] In line with this, various attempts have been
made to apply 5G communication systems to loT net-
works. For example, technologies such as a sensor net-
work, Machine Type Communication (MTC), and Ma-
chine-to-Machine (M2M) communication may be imple-
mented by beamforming, MIMO, and array antennas. Ap-
plication of a cloud Radio Access Network (RAN) as the
above-described Big Data processing technology may
also be considered to be as an example of convergence
between the 5G technology and the loT technology.
[0005] The above information is presented as back-
ground 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 disclo-
sure.

[Disclosure of Invention]
[Technical Problem]

[0006] Meanwhile, there have been various studies on
system acquisition, beam failure recovery, and cell rese-
lection in 5G communication system recently.

[Solution to Problem]

[0007] Aspects ofthe disclosure are to address atleast
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
communication method and system for converging a fifth
generation (5G) communication system for supporting
higher data rates beyond a fourth generation (4G).
[0008] Additional aspects will be set forth in partin the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.

[0009] In accordance with an embodiment of the dis-
closure, a method comprises: transmitting, to a base sta-
tion, a request for system information (Sl); receiving, from
the base station, an acknowledgement for the request;
receiving a physical downlink control channel (PDCCH)
addressed to a Sl radio network temporary identifier (RN-
Tl)in afirst S| window for a S| message immediately after
receiving the acknowledgement; and receiving the Sl
message, wherein receiving of a PDCCH is performed
in a second Sl window which is next to the first S| window
in a modification period, in case that the SI message is
not received by an end of the first SI window.

[0010] In accordance with another embodiment of the
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disclosure, a method comprises: receiving, from a termi-
nal, a request for system information (Sl); transmitting,
to the terminal, an acknowledgement for the request; and
transmitting, to the terminal, a physical downlink control
channel (PDCCH) addressed to a Sl radio network tem-
porary identifier (RNTI) in a first S| window for a S| mes-
sage, wherein the first SI window is monitored by the
terminal for the SI message immediately after receiving
the acknowledgement, and wherein the receiving of a
PDCCH is performed in a second S| window which is
next to the first SI window in a modification period, in
casethatthe SImessage is not transmitted to the terminal
by an end of the first SI window.

[0011] In accordance with another embodiment of the
disclosure, a terminal comprises: a transceiver config-
ured to transmit and receive a signal; and a controller
configured to: transmit, to a base station, a request for
system information (Sl), receive, from the base station,
an acknowledgement for the request, receive a physical
downlink control channel (PDCCH) addressed to a Sl
radio network temporary identifier (RNTI) in a first Sl win-
dow for a S| message immediately after receiving the
acknowledgement, and receive the SImessage, wherein
receiving of a PDCCH is performed in a second Sl win-
dow which is next to the first S| window in a modification
period, in case that the SI message is not received by an
end of the first SI window.

[0012] In accordance with another aspect of the dis-
closure, a base station comprises: a transceiver config-
ured to transmit and receive a signal; and a controller
configured to: receive, from a terminal, a request for sys-
tem information (Sl), transmit, to the terminal, an ac-
knowledgement for the request, and transmit, to the ter-
minal, a physical downlink control channel (PDCCH) ad-
dressed to a Sl radio network temporary identifier (RNTI)
in a first S| window for a S| message, wherein the first Sl
window is monitored by the terminal for the S| message
immediately after receiving the acknowledgement, and
wherein receiving of a PDCCH is performed in a second
S| window which is next to the first S| window in a mod-
ification period, in case that the SI message is not trans-
mitted to the terminal by an end of the first S| window.
[0013] Other aspects, advantages, and salient fea-
tures of the disclosure will become apparent to those
skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings,
discloses various embodiments of the disclosure.

[Advantageous Effects of Invention]

[0014] According to various embodiments of the dis-
closure, system acquisition, beam failure recovery, and
cell reselection in 5G communication system can be ef-
ficiently enhanced.

[Brief Description of Drawings]

[0015] Theabove and other aspects, features, and ad-

10

15

20

25

30

35

40

45

50

55

vantages 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 illustrates an example of monitoring system
information (Sl) window according to an embodiment
of the disclosure;

FIG. 2 illustrates another example of monitoring S
window according to an embodiment of the disclo-
sure;

FIG. 3 illustrates another example of monitoring SI
window according to an embodiment of the disclo-
sure;

FIG. 4 illustrates another example of monitoring S
window according to an embodiment of the disclo-
sure;

FIG. 5 illustrates another example of monitoring S
window according to an embodiment of the disclo-
sure;

FIGS. 6A and 6B illustrate other examples of moni-
toring S| window according to an embodiment of the
disclosure;

FIG. 7 illustrates another example of monitoring S
window according to an embodiment of the disclo-
sure;

FIG. 8 illustrates another example of monitoring S
window according to an embodiment of the disclo-
sure;

FIG. 9 illustrates another example of monitoring S
window according to an embodiment of the disclo-
sure;

FIG. 10 illustrates an example of performing a beam
failure recovery according to an embodiment of the
disclosure;

FIG. 11 illustrates an example of performing a cell
reselection while an on-demand Sl request is ongo-
ing according to an embodiment of the disclosure;
FIG. 12 illustrates another example of performing a
cell reselection while an on-demand Sl request is
ongoing according to an embodiment of the disclo-
sure;

FIG. 13 illustrates another example of performing a
cell reselection while an on-demand Sl request is
ongoing according to an embodiment of the disclo-
sure;

FIG. 14 is a block diagram of a terminal according
to an embodiment of the disclosure; and

FIG. 15is ablock diagram of a base station according
to an embodiment of the disclosure.

[0016] Throughoutthedrawings, like reference numer-
als will be understood to refer to like parts, components,
and structures.

[Mode for the Invention]

[0017] The following description with reference to the
accompanying drawings is provided to assist in a com-
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prehensive understanding of various embodiments of the
disclosure as defined by the claims and their equivalents.
It includes various specific details to assist in that under-
standing but these are to be regarded as merely exem-
plary. 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 disclo-
sure. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and concise-
ness.

[0018] The terms and words used in the following de-
scription 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 de-
fined by the appended claims and their equivalents.
[0019] Itistobe understood thatthe 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.

[0020] By the term "substantially" it is meant that the
recited characteristic, parameter, or value need not be
achieved exactly, but that deviations or variations, includ-
ing for example, tolerances, measurement error, meas-
urement accuracy limitations and other factors known to
those of skill in the art, may occur in amounts that do not
preclude the effect the characteristic was intended to pro-
vide.

[0021] Itis known to those skilled in the art that blocks
of a flowchart (or sequence diagram) and a combination
of flowcharts may be represented and executed by com-
puter program instructions. These computer program in-
structions may be loaded on a processor of a general-
purpose computer, special purpose computer, or pro-
grammable data processing equipment. When the load-
ed program instructions are executed by the processor,
they create a means for carrying out functions described
in the flowchart. Because the computer program instruc-
tions may be stored in a computer readable memory that
is usable in a specialized computer or a programmable
data processing equipment, it is also possible to create
articles of manufacture that carry out functions described
in the flowchart. Because the computer program instruc-
tions may be loaded on a computer or a programmable
data processing equipment, when executed as process-
es, they may carry out operations of functions described
in the flowchart.

[0022] Ablock ofaflowchart may correspond to a mod-
ule, a segment, or a code containing one or more exe-
cutable instructions implementing one or more logical
functions, or may correspond to a part thereof. In some
cases, functions described by blocks may be executed
in an order different from the listed order. For example,
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two blocks listed in sequence may be executed at the
same time or executed in reverse order.

[0023] Inthis description, the words "unit", "module" or
the like may refer to a software component or hardware
component, such as, for example, a field-programmable
gate array (FPGA) or an application-specific integrated
circuit (ASIC) capable of carrying out a function or an
operation. However, a "unit", or the like, is not limited to
hardware or software. A unit, or the like, may be config-
ured so as to reside in an addressable storage medium
or to drive one or more processors. Units, or the like, may
refer to software components, object-oriented software
components, class components, task components, proc-
esses, functions, attributes, procedures, subroutines,
program code segments, drivers, firmware, microcode,
circuits, data, databases, data structures, tables, arrays
or variables. A function provided by a component and
unit may be a combination of smaller components and
units, and may be combined with others to compose larg-
er components and units. Components and units may be
configured to drive a device or one or more processors
in a secure multimedia card.

[0024] Prior to the detailed description, terms or defi-
nitions necessary to understand the disclosure are de-
scribed. However, these terms should be construed in a
non-limiting way.

[0025] The "base station (BS)" is an entity communi-
cating with a user equipment (UE) and may be referred
to as BS, base transceiver station (BTS), node B (NB),
evolved NB (eNB), access point (AP), 5G NB (5GNB),
or gNB.

[0026] The "UE" is an entity communicating with a BS
and may be referred to as UE, device, mobile station
(MS), mobile equipment (ME), or terminal.

[0027] Inthe recent years several broadband wireless
technologies have been developed to meet the growing
number of broadband subscribers and to provide more
and better applications and services. The second gen-
eration wireless communication system has been devel-
oped to provide voice services while ensuring the mobility
of users. Third generation wireless communication sys-
tem supports not only the voice service but also data
service. In recent years, the fourth wireless communica-
tion system has been developed to provide high-speed
data service. However, currently, the fourth generation
wireless communication system suffers from lack of re-
sources to meet the growing demand for high speed data
services. Thus, a fifth generation wireless communica-
tion system is being developed to meet the growing de-
mand for high speed data services, support ultra-relia-
bility and low latency applications.

[0028] The fifth generation wireless communication
system will be implemented not only in lower frequency
bands but also in higher frequency (mmWave) bands,
e.g., 10 GHz to 100 GHz bands, so as to accomplish
higher data rates. To mitigate propagation loss of the
radio waves and increase the transmission distance, the
beamforming, massive Multiple-Input Multiple-Output



7 EP 4 307 770 A2 8

(MIMO), Full Dimensional MIMO (FD-MIMO), array an-
tenna, an analog beam forming, large scale antenna
techniques are being considered in the design of fifth
generation wireless communication system. In addition,
the fifth generation wireless communication system is
expected to address different use cases having quite dif-
ferent requirements in terms of data rate, latency, relia-
bility, mobility etc. However, it is expected that the design
of the air-interface of the fifth generation wireless com-
munication system would be flexible enough to serve the
UEs having quite different capabilities depending on the
use case and market segment the UE cater service to
the end customer.

[0029] Example use cases the fifth generation wireless
communication system wireless system are expected to
address is enhanced Mobile Broadband (eMBB), mas-
sive Machine Type Communication (m-MTC), ultra-reli-
able low latency communication (URLLC) etc. The eMBB
requirements like tens of Gbps data rate, low latency,
high mobility so on and so forth address the market seg-
ment representing the wireless broadband subscribers
needing internet connectivity everywhere according to
the related art, all the time and on the go. The m-MTC
requirements like very high connection density, infre-
quent data transmission, very long battery life, low mo-
bility address so on and so forth address the market seg-
ment representing the Internet of Things (loT)/Internet of
Everything (IoE) envisioning connectivity of billions of de-
vices. The URLL requirements like very low latency, very
high reliability and variable mobility so on and so forth
address the market segment representing the Industrial
automation application, vehicle-to-vehicle/vehicle-to-in-
frastructure communication foreseen as one of the ena-
blers for autonomous cars.

[Embodiment 1 - On-Demand S| Acquisition]

[0030] FIG. 1 illustrates an example of monitoring sys-
tem information (Sl) window according to an embodiment
of the disclosure.

[0031] In fifth generation (also referred as NR or New
Radio) wireless communication system, system informa-
tion is divided into minimum SI (comprising of master
information block (MIB) and system information block 1
(SIB1)) and other SI (SIB 2, SIB 3 and so on). SIBs other
than SIB1 are carried in SystemInformation (SI) messag-
es, which are transmitted on the downlink shared channel
(DL-SCH). SIBs having the same periodicity can be
mapped to the same S| message. Each S| message is
transmitted within periodically occurring time domain
windows (referred to as Sl-windows with same length for
all S messages). Each S| message is associated with a
Sl-window and the Sl-windows of different S| messages
do not overlap. That is, within one Sl-window only the
corresponding SI message is transmitted. The schedul-
ing information in SIB 1 includes mapping between SIBs
and S| messages, periodicity of each SI message and
Sl window length. The scheduling information in SIB 1

10

15

20

25

30

35

40

45

50

55

includes an indicator for each SI message, which indi-
cates whether the concerned S| message is being broad-
casted or not. If at least one S| message is not being
broadcasted, SIB1 may include random access resourc-
es (physical random access channel (PRACH) pream-
ble(s) and PRACH resource/occasion(s)) for requesting
gNB to broadcast one or more SI message(s). gNB can
signal random access resources for each SI message
which is not being broadcasted. Alternately gNB can sig-
nal random access resources which are common for all
S| messages which are not being broadcasted.

[0032] If UE requires an S| message to operate in cell
and that S| message is not being broadcasted, the UE
shall:

- If SIB1 received from gNB includes information on
random access resources (PRACH preamble(s) and
PRACH resource(s)) forrequesting SI, UE (i.e., radio
resource control (RRC) layer) initiates the Random
Access procedure using the PRACH preamble(s)
and PRACH resource(s) the SI message which UE
wants to request and waits for acknowledgement for
Sl request from a lower layer (i.e., medium access
control (MAC) layer). If acknowledgement for the Sl
request is received from lower layer, UE monitors
the Sl window of the requested S| message in one
or more Sl period(s) of that S| message.

[0033] Duringthe random access procedure, UE trans-
mits Msg1 (i.e., Random access preamble) using the ran-
dom access resources corresponding to the S| message
which UE wants to request Upon receiving the Msgl,
based on received preamble and PRACH occasion in
which preamble is received, gNB identifies that Msg1 is
a Sl request and it transmits Sl request acknowledge-
ment. Slrequestacknowledgementisincluded inrandom
access response (also referred as Msg2). For Sl request
acknowledgement the Msg2 MAC protocol data unit
(PDU) includes a MAC subPDU having a MAC subhead-
eronly and this MAC subheader includes random access
preamble identifier (RAPID) of received preamble. After
transmitting Msgl, UE waits for Msg2 corresponding to
the transmitted random access preamble in a response
window. Uponreceiving Msg2 wherein the Msg2 includes
a MAC subPDU having a MAC subheader only and this
MAC subheader includes RAPID of transmitted pream-
ble, acknowledgement for the Sl request is considered
to be received by the UE (i.e., MAC layer) and then MAC
layer informs RRC that Sl request acknowledgement is
received.

- IfSIB1 received from gNB does not include informa-
tion on random access resources (PRACH pream-
ble(s) and PRACH resource(s)) for requesting Sl,
UE initiates transmission of RRCSysteminfoRe-
quest message (i.e., RRC message) and waits for
acknowledgement for Sl request (i.e., RRCSystem-
InfoRequest message) from lower layer (i.e., MAC).
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If acknowledgement for Sl request (i.e., RRCSys-
temInfoRequest message) is received from lower
layer, UE monitors the S| window of the requested
S| message in one or more Sl period(s) of that SI
message.

[0034] Duringthe random access procedure, UE trans-
mits Msg1 (i.e., Random access preamble) and waits for
random access response (also referred as Msg2) corre-
sponding to the transmitted random access preamble.
Random access response (also referred as Msg2) cor-
responding to the transmitted random access preamble
is considered successfully received by UE if Msg2 in-
cludes a MAC subPDU having a MAC subheader and
payload (i.e., MAC RAR)where MAC subheaderincludes
the RAPID of the transmitted random access preamble.
MAC RAR includes uplink (UL) grant, TA, TC-RNTL. In
the UL grant received in successfully received random
access response (Msg2), UE transmits Msg3. Msg3 in-
cludes common control channel (CCCH) SDU wherein
the CCCH SDU includes RRCSystemInfoRequest mes-
sage. After transmitting the Msg3, UE waits for Msg4
including the contention resolution identity which match-
es the first 48 bits of CCCH SDU transmitted in Msg3. If
UE receives such Msg4 after transmitting the CCCH SDU
including RRCSystemInfoRequest message, acknowl-
edgement for the Sl request is considered to be received
by the UE (i.e., MAC layer) and MAC layer informs RRC
that Sl request acknowledgement is received.

[0035] The issue with above procedure is that UE is
not aware of the Sl period(s) in which requested S| mes-
sage will be transmitted after UE receives acknowledge-
ment for Sl request. UE unnecessarily monitoring Sl win-
dows of requested S| message in several Sl periods
leads to a power consumption of the UE. In the stand-
ardization discussion it was proposed that after receiving
the Sl request ack, UE monitors up to 'W’ Sl periods
(100), where a value of the 'W’ is signaled by gNB. W Sl
periods start from earliest S| period which starts at least
X ms further away from the instant in which acknowledg-
ment for Sl request is received. The issue with this ap-
proach is that it requires signaling of the additional pa-
rameter 'W’. Signaling of additional parameter increases
the signaling overhead of SIB 1.

[0036] Hereinafter, various embodiments according to
the disclosure are explained in detail.

[Embodiment 1-1]

[0037] FIGS. 2, 3, and 4 illustrate other examples of
monitoring Sl window according to various embodiments
of the disclosure.

[0038] If SIB 1 received from gNB includes information
on random access resources (PRACH preamble(s) and
PRACH resource(s)) for requesting Sl, UE initiates the
Random Access procedure using the PRACH pream-
ble(s) and PRACH resource(s) indicated by the informa-
tion in the S| message (210). For example, UE transmits
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Msg1 (i.e., Random access preamble) to the gNB and
waits for acknowledgement for S| request. To overcome
the above mentioned issue, it is proposed that after re-
ceiving acknowledgment for Sl request (220), UE deter-
mines the S| window(s) to monitor as follows:

* After receiving acknowledgment for Sl request in
modification period N (230):

- if there is at least one remaining SI Window of

the requested SI message in modification period
N, UE monitors the SI window(s) of the request-
ed Sl message in the modification period N (240,
300). This procedure is also illustrated in FIG.
3. Meanwhile, a modification period is defined
as follows:
The modification period is configured by system
information. The modification period boundaries
are defined by SFN values for which SFN mod
m = 0, where m is the number of radio frames
comprising the modification period. For a Sl
message, location of S| windows are deter-
mined as follows: the Sl-window starts atthe slot
#a, where a = x mod N, in the radio frame for
which SFN mod T = FLOOR(x/N), where T is
the periodicity of the concerned S| message and
N is the number of slots in a radio frame, x is
equal to (n-1)*w, w is the SI window length, n is
the index of SI message in list of S| messages
in SIB 1.

- Otherwise, i.e., if there is no remaining SI win-
dow of the request SI message in modification
period N (250, 410), UE monitors the S| win-
dow(s) of the requested SI message in the mod-
ification period N+1 (250, 420). This procedure
is also illustrated in FIG. 4.

[0039] FIG.5illustrates another example of monitoring
Slwindow according to an embodiment of the disclosure.
[0040] If SIB1 received from gNB does not include in-
formation on random access resources (PRACH pream-
ble(s) and PRACH resource(s)) for requesting SI, UE in-
itiates a transmission of RRCSysteminfoRequest mes-
sage to the gNB. UE transmits Msg1 (i.e., Random ac-
cess preamble) and waits for random access response
(510, 520). In the UL grant received in the received ran-
dom access response, UE transmits RRCSystemInfoRe-
quest message (i.e., Msg3) and waits for acknowledge-
ment for the Msg3 which is a Sl request (i.e., RRCSys-
teminfoRequest message) (530, 540). To overcome the
issue, it is proposed that after receiving acknowledgment
for Sl request (550), UE determines the Sl window(s) to
monitor as follows:

* After receiving acknowledgment for Sl request in
modification period N:
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- if there is at least one remaining SI Window of
the requested SI message in modification period
N, UE monitors the Sl window(s) of the request-
ed Sl message in the modification period N (560,
300). This procedure is also illustrated in the
above described FIG. 3.

- Otherwise, i.e., if there is no remaining Sl win-
dow of the request SI message in modification
period N (570, 410), UE monitors the SI win-
dow(s) of the requested SI message in the mod-
ification period N+1 (570, 420). This procedure
is also illustrated in the above described FIG. 4.

[0041] It is to be noted that procedure explained in
FIGS. 3 and 4 can also be used upon receiving acknowl-
edgment for Sl request wherein Sl request is transmitted
to gNB using dedicated RRC signaling message wherein
RRCSysteminfoRequest is transmitted in dedicated UL
grant. In this case Sl request acknowledgement can be
a RRC message or RRC Reconfiguration message.
FIGS. 3 and 4 can also be used upon receiving acknowl-
edgment for Sl request wherein Sl request is transmitted
to gNB in MsgA of 2 step contention based random ac-
cess procedure. In two step CBRA, first message (i.e.,
MsgA) consists of random access preamble transmitted
on PRACH occasion and MAC PDU transmitted in a
physical uplink shared channel (PUSCH) occasion. MAC
PDU includes CCCH SDU which includes RRCSystem-
InfoRequest. In response to MsgA UE receives MsgB.
In this case Sl request acknowledgment is MsgB. MsgB
including the contention resolution identity which match-
es the first 48 bits of CCCH SDU transmitted in MsgA is
considered as Sl request acknowledgment.

[0042] FIGS. 6A and 6B illustrate other examples of
monitoring Sl window according to an embodiment of the
disclosure.

[0043] Referring to FIG. 6A, if SIB1 broadcasted from
gNB includes information on random access resources
(PRACH preamble(s) and PRACH resource(s)) for re-
questing SlI, UE initiates the Random Access procedure
using the PRACH preamble(s) and PRACH resource(s)
indicated by the information in the SI message (605). For
example, UE transmits Msg1 (i.e., Random access pre-
amble) to the gNB and waits for acknowledgement for Sl
request (610).

[0044] Referring to FIG. 6B, if SIB1 broadcasted from
gNB does not include information on random access re-
sources (PRACH preamble(s) and PRACH resource(s))
forrequesting Sl, UE initiates a transmission of RRC Sys-
teminfoRequestmessage to the gNB. UE transmits Msg1
(i.e., Random access preamble) and waits for random
access response (625, 630). In the UL grant received in
the received random access response, UE transmits
RRCSystemInfoRequestmessage (i.e., Msg3) and waits
for acknowledgement for the Msg3 which is a Sl request
(i.e., RRCSysteminfoRequest message) (635, 640).
[0045] Referring to FIGS. 6A or 6B, after receiving the
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acknowledgement for S| request, for acquiring the re-
quested Sl message, UE shall receive the physical down-
link control channel (PDCCH) containing a scheduling
radio network temporary identifier (RNTI), i.e., system
information RNTI (SI-RNTI). That s, the UE monitors the
PDCCH by decoding the PDCCH with the SI-RNTI, from
the start of the first Sl-window after receiving acknowl-
edgment for Sl request and continues until the end of the
Sl-window whose absolute length in time is given by si-
WindowLength, or until the SI message was received
(615, 645).

[0046] If the S| message was not received by the end
of the Sl-window and if the UE has not yet monitored all
the Sl-window occasions in the current modification pe-
riod, the UE repeats reception at the next Sl-window oc-
casion for the concerned S| message in the current mod-
ification period (620, 650).

[0047] FIG.7 illustrates another example of monitoring
Slwindow according to an embodiment of the disclosure.
[0048] An acknowledgement for Sl requestis received
by the UE (710). After receiving the acknowledgement
for Sl request, for acquiring the requested SI message,
UE shallreceive the PDCCH containing a scheduling RN-
Tl,i.e., SI-RNTI. That is, the UE monitors the PDCCH by
decoding the PDCCH with the SI-RNTI. The UE monitors
the PDCCH from the start of the first Sl-window after
receiving acknowledgment for Sl request and continues
until the end of the Sl-window whose absolute length in
time is given by si-WindowLength, or until the S| message
was received (720). In other words, immediately after
receiving acknowledgment for Sl request the UE moni-
tors the PDCCH from the start of the Sl-window and con-
tinues until the end of the Sl-window whose absolute
length in time is given by si-WindowLength, or until the
S| message was received (720).

[0049] If the SI message was received, the UE deter-
mines that SI message reception is successfully com-
pleted (730, 740). On the other hand, if the S| message
was not received by the end of the Sl-window and there
are more Sl window occasions left in current modification
period (750), the UE repeats reception at the next Sl win-
dow occasion for the concerned S| message in the cur-
rent modification period (770). If there are no more Sl
window occasions left in current modification period
(750), the UE determines that S| message reception is
not successful and may resend the Sl request (760).
[0050] It is to be noted that procedure explained in
FIGS. 6 and 7 can also be used upon receiving acknowl-
edgment for Sl request wherein Sl request is transmitted
to gNB using dedicated RRC signaling message wherein
RRCSysteminfoRequest is transmitted in dedicated UL
grant. In this case Sl request acknowledgement can be
a RRC message or RRC Reconfiguration message.
FIGS. 6 and 7 can also be used upon receiving acknowl-
edgment for Sl request wherein Sl request is transmitted
to gNB in MsgA of 2 step contention based random ac-
cess procedure. In two step CBRA, first message (i.e.,
MsgA) consists of random access preamble transmitted
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on PRACH occasion and MAC PDU transmitted in
PUSCH occasion. MAC PDU includes CCCH SDU which
includes RRCSystemInfoRequest. In response to MsgA
UE receives MsgB. In this case Sl request acknowledg-
ment is MsgB. MsgB including the contention resolution
identity which matches the first 48 bits of CCCH SDU
transmitted in MsgA is considered as Sl request acknowl-
edgment.

[0051] Hereinafter, operations of gNB according to the
embodiments are described.

* After transmitting acknowledgment for Sl request
to the UE in modification period N:

- if there is at least one remaining SI Window of
the requested SI message in modification period
N, gNB transmits requested SI message in SI
window(s) of the requested S| message in the
modification period N.

- Otherwise, gNB transmits requested S| mes-
sage in S| window(s) of the requested SI mes-
sage in the modification period N + 1.

[0052] In another embodiment, after transmitting the
acknowledgement for S| request gNB transmits the re-
quested S| message in Sl window(s) of the current mod-
ification period i.e., the modification period in which ac-
knowledgement for Sl request is sent.

[Embodiment 1-2]

[0053] FIGS. 8 and 9 illustrate other examples of mon-
itoring S| window according to various embodiments of
the disclosure.

[0054] In another embodiment of the disclosure, it is
proposed that after receiving acknowledgment for Sl re-
quest, UE determines the S| window(s) to monitor as
follows:

* After receiving acknowledgment for Sl request in
modification period N (910):

- UE monitors the SI window(s) of the requested
S| message in the modification period N and
N+1. This procedure is illustrated in FIG. 8, 9.
After receiving the acknowledgement for Sl re-
quest in modification period N (910), for acquir-
ing the requested S| message, UE shall receive
the PDCCH containing a scheduling RNT]I, i.e.,
SI-RNTI. That is, the UE monitors the PDCCH
by decoding the PDCCH with the SI-RNTI. The
UE monitors the PDCCH from the start of the
first Sl-window after receiving acknowledgment
for Sl request and continues until the end of the
Sl-window, or until the SI message was received
(920).
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- If the S| message was received, the UE deter-
mines that S| message reception is successfully
completed (930, 940). On the other hand, if the
S| message was not received by the end of the
Sl-window of modification period N or N+1 and
there are more S| window occasions left in the
modification period N or N+1 (950), the UE re-
peats reception at the next S| window occasion
for the concerned S| message in the modifica-
tion period N or N+1 (970). This procedure is
also illustrated in FIG. 8, e.g., 810, 820. If there
are no more Sl window occasions leftin the mod-
ification period N or N+1 (950), the UE deter-
mines that S| message reception is not success-
ful and may resend the Sl request (960).

[0055] Hereinafter, operations of gNB according to the
embodiments are described.

* After transmitting acknowledgment for S| request
to the UE in modification period N:

- gNB transmits requested SI message in Sl win-
dow(s) of the requested SI message in the mod-
ification period N and N + 1.

[0056] It is to be noted that procedure explained in
FIGS. 8 and 9 can also be used upon receiving acknowl-
edgment for Sl request wherein Sl request is transmitted
to gNB using dedicated RRC signaling message wherein
RRCSystemInfoRequest is transmitted in dedicated UL
grant. In this case, Sl request acknowledgement can be
a RRC message or RRC Reconfiguration message.
FIGS. 8 and 9 can also be used upon receiving acknowl-
edgment for Sl request wherein Sl request is transmitted
to gNB in MsgA of 2 step contention based random ac-
cess procedure. In two step CBRA, first message (i.e.,
MsgA) consists of random access preamble transmitted
on PRACH occasion and MAC PDU transmitted in
PUSCH occasion. MAC PDU includes CCCH SDU which
includes RRCSystemInfoRequest. In response to MsgA
UE receives MsgB. In this case Sl request acknowledg-
ment is MsgB. MsgB including the contention resolution
identity which matches the first 48 bits of CCCH SDU
transmitted in MsgA is considered as Sl request acknowl-
edgment.

[Embodiment 1-3]

[0057] In another embodiment of the disclosure, it is
proposed that after receiving acknowledgment for Sl re-
quest, UE determines the S| window(s) to monitor as
follows:

* After receiving acknowledgment for Sl request in
modification period N:

- if there are at least 'X’ remaining S| Window of
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the requested SI message in modification period
N, UE monitors the Sl window(s) of the request-
ed S| message in the modification period N.

- Otherwise, UE monitors the SI window(s) of the
requested Sl message in the modification period
N and N+1.

[0058] Hereinafter, operations of gNB according to the
embodiments are described.

* After transmitting acknowledgment for Sl request
in modification period N:

- if there are at least "X’ remaining SI Window of
the requested SI message in modification period
N, gNB transmits requested SI message in Si
window(s) of the requested S| message in the
modification period N.

- Otherwise, gNB transmits requested S| mes-
sage in S| window(s) of the requested SI mes-
sage in the modification period N and N+1

[0059] It is to be noted that procedure explained in
above embodiments (1-1, 1-2 and 1-3) can also be used
upon receiving acknowledgment for S| request wherein
Sl request is transmitted to gNB using dedicated RRC
signaling message wherein RRCSysteminfoRequest is
transmitted in dedicated UL grant. In this case Sl request
acknowledgement can be a RRC message or RRC
Reconfiguration message. embodiments (1-1, 1-2 and
1-3) can also be used upon receiving acknowledgment
for Sl request wherein Sl request is transmitted to gNB
in MsgA of 2 step contention based random access pro-
cedure. In two step CBRA, first message (i.e., MsgA)
consists of random access preamble transmitted on
PRACH occasion and MAC PDU transmitted in PUSCH
occasion. MAC PDU includes CCCH SDU whichincludes
RRCSysteminfoRequest. In response to MsgA UE re-
ceives MsgB. In this case Sl request acknowledgment is
MsgB. MsgB including the contention resolution identity
which matches the first 48 bits of CCCH SDU transmitted
in MsgA is considered as Sl request acknowledgment.

[Embodiment 2 - Beam Failure Recovery]

[0060] Inabeamformed system, beam failure recovery
procedure is used to recover beam upon beam failure
detection. The UE may be configured by radio resource
control (RRC) signaling with a beam failure recovery pro-
cedure. The beam failure recovery procedure is used for
indicating to the serving gNB of a new synchronization
signal block (SSB) or channel state information reference
signal (CSI-RS) when beam failure is detected on the
serving SSB(s)/CSI-RS(s). Beam failure is detected by
the UE by counting beam failure instance indication. The
UE operation for beam failure detection and recovery in
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5G system is as follows:

If beam failure instance is detected: UE start or restart
the  beamFailureDetectionTimer and  increment
BFI_COUNTER by 1.

* if BFI_COUNTER >= beamfFailurelnstanceMax-
Count:

- if beamFailureRecoveryConfig is configured:

-- start the beamFailureRecoveryTimer, if
configured;

-- initiate a Random Access procedure on
the SpCell (i.e., special cell including prima-
ry cell (PCell) and primary secondary cell
(pSCell)) by applying the parameters pow-
erRampingStep,  preambleReceivedTar-
getPower, and preamble TransMax config-
ured in beamFailureRecoveryConfig.

--- During the random access proce-
dure, if contention free (CF) resources
are configured in beamFailureRecov-
eryConfig and criteria to select them is
met, select CF resources. Otherwise
select contention based (CB) resourc-
es.

- else:

-- initiate a Random Access procedure on
the SpCell.

--- During the random access proce-
dure, CBrandom access resources are
selected.

[0061] Ifthe Random Access procedure is successfully
completed: stop the beamFailureRecoveryTimer, if con-
figured; and consider the Beam Failure Recovery proce-
dure successfully completed.

[0062] In the fifth generation wireless communication
system, bandwidth adaptation (BA) is supported. With
BA, a UE’s transmission bandwidth and reception band-
width does not need to be as large as the bandwidth of
the cell and can be adjusted as followings: the width of
the bandwidth can be ordered to change (e.g., to shrink
during period of low activity to save power); the location
of the bandwidth can move in the frequency domain (e.g.,
to increase scheduling flexibility); and the subcarrier
spacing of the bandwidth can be ordered to change (e.g.,
to allow different services). A subset of the total cell band-
width of a cell is referred to as a Bandwidth Part (BWP)
and BA is achieved by configuring the UE with at least
one BWP(s) and telling the UE which of the configured
BWPs is currently active. There is one active downlink
(DL) BWP and one active uplink (UL) BWP. A Serving
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Cell (i.e., PCell or SCell) may be configured with one or
more BWPs, and for an activated serving cell, there is
always one active DL BWP and one active UL BWP at
any pointin time.

[0063] Inacell,gNB periodically broadcasts SSBs (i.e.,
SS blocks). SSB comprises primary synchronization sig-
nal (PSS), secondary synchronization signal (SSS) and
physical broadcast channel (PBCH). SSBs do not occupy
the full channel bandwidth. According to current design,
if SSBs are not located within the BWP, contention based
random access (CBRA) resources cannot be configured
in that BWP. Additionally, contention free random access
(CFRA) resources can be configured in a BWP only if
CBRA resources are configured in that BWP. The con-
sequence of this design is that if SSBs are not located in
active DL BWP, random access channel (RACH) occa-
sions cannot be configured in active UL BWP and hence
CFRA cannot be used for beam failure recovery (BFR).

[Embodiment 2-1]

[0064] FIG. 10 illustrates an example of performing a
beam failure recovery according to an embodiment of
the disclosure.

[0065] Inanembodimentofthe disclosure, we propose
the following procedure for initiating random access pro-
cedure for beam failure recovery. Note that in below pro-
cedure, if PRACH occasions are not configured on active
UL BWP, UE will also switch to initial DL BWP and initial
UL BWP.

* Upon beam failure detection (i.e., BFI_COUNTER
>= beamFailurelnstanceMaxCount) (1010):

- if beamFailureRecoveryConfig is configured on
active UL BWP (1020); or

- ifPRACH occasions are not configured on active
UL BWP and beamFailureRecoveryConfig is
configured on initial UL BWP (1050):

-- start the beamFailureRecoveryTimer
(1030, 1060);

-- initiate a Random Access procedure on
the SpCell by applying the parameters pow-
erRampingStep,  preambleReceivedTar-
getPower, and preamble TransMax config-
ured in beamFailureRecoveryConfig (1040,
1070).

-- If CF resources are configured in beam-
FailureRecoveryConfig and criteria (i.e.,
there is at least one SSB/CSI-RS amongst
SSBs/CSI-RSs for which CF resources are
provided) with reference signal received
power (RSRP) above a threshold to select
them is met, select CF resources. Other-
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wise select CB resources
- else (1020, 1050):

-- initiate a Random Access procedure on
the SpCell by applying the parameters pow-
erRampingStep,  preambleReceivedTar-
getPower, and preamble TransMax config-
ured in rachConfigCommon (1080)

[0066] Note:Duringthe random access procedure, CB
random access resources are selected

[Embodiment 2-2]

[0067] In this embodiment of the disclosure, if PRACH
occasions are not configured in active UL BWP, BWP
configuration of active UL BWP may include the BWP ID
(beamFailureRecoveryBWPId) of the BWP where the
BFR should be initiated upon beam failure detection. The
detail procedure is as follows:

* Upon beam failure detection (i.e., BFI_COUNTER
>= beamFailurelnstanceMaxCount):

- if beamFailureRecoveryConfig is configured on
active UL BWP; or

- ifPRACH occasions are not configured on active
BWP and beamFailureRecoveryConfig is con-
figured on BWP indicated by beamFailureRe-
coveryB WPId.

-- start the beamFailureRecoveryTimer;

-- initiate a Random Access procedure on
the SpCell by applying the parameters pow-
erRampingStep, preambleReceivedTar-
getPower, and preamble TransMax config-
ured in beamFailureRecoveryConfig.

-- If CF resources are configured in beam-
FailureRecoveryConfig and criteria (i.e.,
there is at least one SSB/CSI-RS amongst
SSBs/CSI-RSs for which CF resources are
provided) with RSRP above a threshold to
select them is met, select CF resources.
Otherwise select CB resources

- else:

-- initiate a Random Access procedure on
the SpCell by applying the parameters pow-
erRampingStep,  preambleReceivedTar-
getPower, and preamble TransMax config-
ured in rachConfigCommon

Note: During the random access procedure, CB ran-
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dom access resources are selected

* Upon initiation of the Random Access procedure
on a Serving Cell, the medium access control (MAC)
entity shall for this Serving Cell:

- if PRACH occasions are not configured for the
active UL BWP:

-- if the Random Access procedure is initi-
ated for BFR and beamFailureRecovery-
Config is configured on BWP indicated by
beamFailureRecoveryB WPId.

--- switch the active UL BWP to BWP
indicated by beamFailureRecovery-
BWPId,

--- switch the active DL BWP to BWP
indicated by beamFailureRecovery-
BWPId

-- else:

--- switch the active UL BWP to BWP
indicated by initialUplinkBWP;

--- if the Serving Cell is a SpCell:

---- switch the active DL BWP to
BWP indicated by initialDownlink-
BWP. [Embodiment 2-3]

[0068] In this embodiment of the disclosure, if PRACH
occasions are not configured in active UL BWP, UE per-
forms beam failure recovery on BWP which includes ref-
erence signals (RSs) which are quasi-collocated
(QCLed) with RSs in active DL BWP. The QCL relation
can be signaled by gNB. The detail procedure is as fol-
lows:

* Upon beam failure detection (i.e., BFI_COUNTER
>= beamFailurelnstanceMaxCount):

- if beamFailureRecoveryConfig is configured on
active UL BWP; or

- ifPRACH occasions are not configured on active
BWP and beamFailureRecoveryConfig is con-
figured on BWP which includes RSs which are
QCLed with RSs in active BWP:

-- start the beamFailureRecoveryTimer;

-- initiate a Random Access procedure on
the SpCell by applying the parameters pow-
erRampingStep,  preambleReceivedTar-
getPower, and preamble TransMax config-
ured in beamFailureRecoveryConfig.
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-- If CF resources are configured in beam-
FailureRecoveryConfig and criteria (i.e.,
there is at least one SSB/CSI-RS amongst
SSBs/CSI-RSs for which CF resources are
provided) with RSRP above a threshold to
select them is met, select CF resources.
Otherwise select CB resources

- else:

-- initiate a Random Access procedure on
the SpCell by applying the parameters pow-
erRampingStep, preambleReceivedTar-
getPower, and preamble TransMax config-
ured in rachConfigCommon

Note: During the random access procedure, CB ran-
dom access resources are selected

* Upon initiation of the Random Access procedure
on a Serving Cell, the MAC entity shall for this Serv-
ing Cell:

- if PRACH occasions are not configured for the
active UL BWP:

-- if the Random Access procedure is initi-
ated for BFR and beamfFailureRecovery-
Configis configured on BWP which includes
RSs which are QCLed with RSs in active
BWP:

--- switch the active UL BWP to BWP
indicated by beamFailureRecovery-
BWPId,

--- switch the active DL BWP to BWP
indicated by beamFailureRecovery-
BWPId

- else:

--- switch the active UL BWP to BWP indi-
cated by initialUplinkBWP;

--- if the Serving Cell is a SpCell:

---- switch the active DL BWP to BWP
indicated by initialDownlinkBWP.

[Embodiment 3 - Cell Reselection while On-Demand Sl
Request is ongoing]

[0069] FIGS. 11,12, and 13 illustrate examples of per-
forming a cell reselection while an on-demand Sl request
is ongoing according to various embodiments of the dis-
closure.

[0070] RRC initiates RA procedure for Msg1 based Sl
Request or RRC initiates transmission of RRCSystem-
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InfoRequest message (i.e., Msg3 based Sl request or
MsgA based Slrequest). RRC is waiting for acknowledg-
ment for Sl request and Cell reselection occurs during
the waiting. In this scenario, based on current procedure,
ongoing RA procedure will continue on the reselected
cell using the random access resources of previous cell.
This is not desired behavior and will affect the random
access operation of other UEs in reselected cell. This will
also cause interference in reselected cell.

[0071] MAC Handling: Itwould be sufficientto justreset
the MAC in above scenario. There is no need to release
the MAC configuration. If MAC configuration is released,
INACTIVE UEs may be impacted (MAC configuration in
AS context may be wrongly discarded).

[0072] radiolink control (RLC)Handling: After the RRC
initiates transmission of RRCSysteminformationRe-
quest, RRCSystemInformationRequest message is de-
livered to RLC transparent mode (TM) entity buffer. If cell
reselection occurs before the MAC has received random
access response (RAR), RRCSysteminformationRe-
quest message in RLC buffer should be discarded. Oth-
erwise this may be wrongly transmitted later (e.g., when
connection is established or resumed) after cell reselec-
tion.

[0073] So, in an embodiment the disclosure, if cell re-
selection occurs while the UE is waiting for acknowledg-
ment for S| request (or RRCSysteminfoRequest), UE
shall reset MAC. In other words, after initiating Msg1
based S| Request by receiving random access resources
from SIB 1(1110,1120in FIG. 11), or afterinitiating trans-
mission of RRCSystemInfoRequest message by deter-
mining that SIB1 does not include random access re-
sources (1210, 1220, 1230, 1240 in FIG. 12), or after
initiating 2 step RA for Sl request when 2 step CBRA is
triggered for Sl request (1310, 1320 in FIG. 13), if cell
reselection occurs before the UE receives acknowledg-
ment for Sl request (or RRCSysteminfoRequest) (1130,
1250, 1330), UE shall reset MAC. The detailed operation
after cell reselection is explained in embodiments below.

[Embodiment 3-1]
[0074]
1. Cell reselection occurs during ongoing random
access procedure (i.e., random access procedure
can be 2 step random access procedure or 4 step
random access procedure)
A. If the random access procedure is ongoing
for RRC setup (i.e., timer T300 is running), per-
form the 1st set of operations
i. 1st set of operations

1) reset MAC;

2)stop all timers that are running except
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T320 and T325;

3) discard any stored AS context, fulll-
RNTI, shortl-RNTI-Value, ran-Paging-
Cycle and ran-NotificationArealnfo;

4) discard the AS security context in-
cluding the Kgrrcenc key. the Krrcint:
the Kypint key and the Kypepc key, if
stored;

5) release all radio resources, including
release of the RLC entity, the MAC con-
figuration and the associated packet
data convergence protocol (PDCP) en-
tity and service data adaptation proto-
col (SDAP) for all established radio
bearers (RBs);

6) indicate the release of the RRC con-
nection to upper layers together with
the release cause setto connection fail-
ure;

7) enter RRC_IDLE and perform pro-
cedures as specified in TS 38.304;

B. If the random access procedure is ongoing
for RRC resume (i.e., timer 319 is running), per-
form the 2nd set of operations

i) 2nd set of operations

1) set the variable pendingRnaUpdate
to 'TFALSE, if that is set to TRUE;

2) reset MAC;

3) stop alltimers that are running except
T320 and T325;

4) discard any stored AS context, fulll-
RNTI, shortl-RNTI-Value, ran-Paging-
Cycle and ran-NotificationArealnfo;

5) discard the AS security context in-
cluding the Kgrcenc key. the Krrcints
the Kypint key and the K pg,c key, if
stored;

6) release all radio resources, including
release of the RLC entity, the MAC con-
figuration and the associated PDCP en-
tity and SDAP for all established RBs;

7) indicate the release of the RRC con-
nection to upper layers together with
the release cause set to resume failure;
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8) enter RRC_IDLE and perform pro-
cedures as specified in TS 38.304;

C. If the random access procedure is ongoing
for Sl request (i.e., RRC is waiting for Sl request
ack), perform the 3rd set of operations

i. 3rd set of operations

1) reset MAC;
2) RLC handling: as described in em-
bodiments below

[Embodiment 3-2]

[0075] The UE shall:

1> if cell reselection occurs while waiting for the ac-
knowledgment for Sl request or RRCSystemInfoRe-
quest.

2>reset MAC, release the MAC configuration
and re-establish RLC for all RBs that are estab-
lished;

[0076] This may only be applied to UE in idle state.

[Embodiment 3-3]

[0077] The UE shall:

1> if cell reselection occurs while waiting for the ac-
knowledgment for Sl request or RRCSystemInfoRe-
quest message:

2>reset MAC, release the MAC configuration;
2> if waiting for the acknowledgment of RRC-
SysteminfoRequest message

3> re-establish RLC for all RBs that are estab-
lished;

[0078] This may only be applied to UE in idle state.

[Embodiment 3-4]
[0079]
The UE shall:

1> if cell reselection occurs while waiting for the
acknowledgment for Sl request or RRCSystem-
InfoRequest message:

2>reset MAC;

2> if waiting for the acknowledgment of
RRCSystemInfoRequest message:

3> release the RLC entity and the associ-
ated PDCP entity and SDAP for all estab-
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lished RBs;

OR
The UE shall:

1> if cell reselection occurs while waiting for the
acknowledgment for Sl request or RRCSystem-
InfoRequest message:

2>reset MAC;

2> if waiting for the acknowledgment of
RRCSystemInfoRequest message:

3> release RLC entity for SRB 0 or discard
all contents in RLC entity for SRB 0;

OR
The UE shall:

1> if cell reselection occurs while waiting for the
acknowledgment for Sl request or RRCSystem-
InfoRequest message:

2>reset MAC;

2> if waiting for the acknowledgment of
RRCSystemInfoRequest message:

3> release the RLC entity and the associ-
ated PDCP entity and SDAP for SRB 0;

OR
The UE shall:

1> if cell reselection occurs while waiting for the
acknowledgment for Sl request or RRCSystem-
InfoRequest message:

2>reset MAC;

2> release the RLC entity and the associ-
ated PDCP entity and SDAP for all estab-
lished RBs;

OR
The UE shall:

1> if cell reselection occurs while waiting for the
acknowledgment for Sl request or RRCSystem-
InfoRequest message:

2>reset MAC;

2> release RLC entity for SRB 0 or discard
all contents in RLC entity for SRB 0;

OR
The UE shall:

1> if cell reselection occurs while waiting for the
acknowledgment for Sl request or RRCSystem-
InfoRequest message:
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2>reset MAC;

2> release the RLC entity and the associ-
ated PDCP entity and SDAP for SRB 0;

[0080] This may only be applied to UE in idle state.
[0081] In all embodiments about if UE is in idle state,
MAC configuration may also be released.

[0082] FIG. 14 is a block diagram of a terminal accord-
ing to an embodiment of the disclosure.

[0083] ReferringtoFIG. 14, aterminalincludes a trans-
ceiver 1410, a controller 1420 and a memory 1430. The
transceiver 1410, the controller 1420 and the memory
1430 are configured to perform the operations of the UE
illustrated in the figures, e.g., FIGS. 1 to 13, or described
above. Although the transceiver 1410, the controller 1420
and the memory 1430 are shown as separate entities,
they may be realized as a single entity like a single chip.
Or, the transceiver 1410, the controller 1420 and the
memory 1430 may be electrically connected to or cou-
pled with each other.

[0084] The transceiver 1410 may transmit and receive
signals to and from other network entities, e.g., a BS.
[0085] The controller 1420 may control the UE to per-
form functions according to one of the embodiments de-
scribed above. The controller 1420 may refer to a circuit-
ry, an ASIC, or at least one processor.

[0086] In an embodiment, the operations of the termi-
nal may be implemented using the memory 1430 storing
corresponding program codes. Specifically, the terminal
may be equipped with the memory 1430 to store program
codes implementing desired operations. To perform the
desired operations, the controller 1420 may read and ex-
ecute the program codes stored in the memory 1430 by
using a processor or a central processing unit (CPU).
[0087] FIG. 15is a block diagram of a BS according to
an embodiment of the disclosure.

[0088] ReferringtoFIG.15,aBSincludesatransceiver
1510, a controller 1520 and a memory 1530. The trans-
ceiver 1510, the controller 1520 and the memory 1530
are configured to perform the operations of the network
(e.g., gNB) illustrated in the figures, e.g., FIGS. 1 to 13,
or described above. Although the transceiver 1510, the
controller 1520 and the memory 1530 are shown as sep-
arate entities, they may be realized as a single entity like
a single chip. The transceiver 1510, the controller 1520
and the memory 1530 may be electrically connected to
or coupled with each other.

[0089] The transceiver 1510 may transmit and receive
signals to and from other network entities, e.g., aterminal.
[0090] The controller 1520 may control the BS to per-
form functions according to one of the embodiments de-
scribed above. The controller 1520 may refer to a circuit-
ry, an ASIC, or at least one processor.

[0091] Inanembodiment, the operations ofthe BS may
be implemented using the memory 1530 storing corre-
sponding program codes. Specifically, the BS may be
equipped with the memory 1530 to store program codes
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implementing desired operations. To perform the desired
operations, the controller 1520 may read and execute
the program codes stored in the memory 1530 by using
a processor or a CPU.

[0092] As described above, embodiments disclosed in
the specification and drawings are merely used to spe-
cific examples to easily explain the contents of the dis-
closure and to help understanding, but are not intended
tolimitthe scope of the disclosure. Accordingly, the scope
of the disclosure should be analyzed to include all chang-
es or modifications derived based on the technical con-
cept of the disclosure in addition to the embodiments
disclosed herein.

[0093] While the disclosure has been shown and de-
scribed with reference to various embodiments 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.
[0094] Aspects of the invention can also be learned
from the below clauses:

Clause 1. A method of receiving system information
by a terminal in a wireless communication system,
the method comprising:

transmitting, to a base station, a request for sys-
tem information (SI);

receiving, from the base station, an acknowl-
edgement for the request;

receiving a physical downlink control channel
(PDCCH) addressed to a Sl radio network tem-
porary identifier (RNTI) in a first S| window for a
S| message immediately after receiving the ac-
knowledgement; and

receiving the SI message,

wherein receiving of a PDCCH is performed in
a second Sl window which is next to the first Sl
window in a modification period, in case that the
Sl message is not received by an end of the first
Sl window.

Clause 2. The method of clause 1, wherein the first
S| window is monitored from a start of the first Si
window until the end of the first SI window or until
the S| message is received,

wherein an absolute length in time of the first Si
window is configured by the base station, and
wherein the modification period is a modification
period in which the acknowledgement for the re-
quest is received from the base station.

Clause 3. The method of clause 1, wherein the trans-
mitting of the request includes initiating a random
access procedure by using a physical random ac-
cess channel (PRACH) preamble and a PRACH re-
source, in case that a system information block 1
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(SIB1) includes information associated with the
PRACH preamble and the PRACH resource, and

wherein the transmitting of the request includes
transmitting a radio resource control (RRC) mes-
sage for requesting system information, in case that
the SIB 1 does notinclude the information associated
withthe PRACH preamble and the PRACH resource.
Clause 4. The method of clause 1, further compris-

ing:

detecting that a cell reselection is occurred while
the terminal is waiting for the acknowledgement
for the request;

resetting a medium access control (MAC); and
releasing aradio link control (RLC) entity for sig-
naling radio bearer 0 (SRBO0), in case that the
requestis based on a RRC message forrequest-
ing system information.

Clause 5. A method of transmitting system informa-
tion by a base station in a wireless communication
system, the method comprising:

receiving, from a terminal, a request for system
information (Sl);

transmitting, to the terminal, an acknowledge-
ment for the request; and

transmitting, to the terminal, a physical downlink
control channel (PDCCH) addressed to a Sl ra-
dio network temporary identifier (RNTI) in a first
Sl window for a S| message,

wherein the first S| window is monitored by the
terminal for the S| message immediately after
receiving the acknowledgement, and

wherein receiving of a PDCCH is performed in
a second S| window which is next to the first Sl
window in a modification period, in case that the
Sl message is not transmitted to the terminal by
an end of the first S| window.

Clause 6. The method of clause 5, wherein the first
S| window is monitored by the terminal from a start
of the first S| window until the end of the first SI win-
dow or until the S| message is transmitted to the
terminal,

wherein an absolute length in time of the first S
window is configured by the base station, and
wherein the modification period is a modification
period in which the acknowledgement for the re-
quest is received from the base station.

Clause 7. The method of clause 5, wherein the re-
ceiving of the request includes initiating a random
access procedure by using a physical random ac-
cess channel (PRACH) preamble and a PRACH re-
source, in case that a system information block 1
(SIB1) includes information associated with the
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PRACH preamble and the PRACH resource, and
wherein the receiving of the request includes receiv-
ing a radio resource control (RRC) message for re-
questing system information, in case that the SIB1
does not include the information associated with the
PRACH preamble and the PRACH resource.
Clause 8. The method of clause 5, wherein an oc-
currence of a cell reselection is detected by the ter-
minal while waiting for the acknowledgement for the
request,

wherein a medium access control (MAC) is reset
by the terminal, and

wherein a radio link control (RLC) entity for sig-
naling radio bearer 0 (SRBO) is released by the
terminal, in case that the request is based on a
RRC message for requesting system informa-
tion.

Clause 9. A terminal of receiving system information
in a wireless communication system, the terminal
comprising:

a transceiver configured to transmit and receive
a signal; and
a controller configured to:

transmit, to a base station, a request for sys-
tem information (SI),

receive, from the base station, an acknowl-
edgement for the request,

receive a physical downlink control channel
(PDCCH) addressed to a Sl radio network
temporary identifier (RNTI) in a first Sl win-
dow for a S| message immediately after re-
ceiving the acknowledgement, and
receive the S| message,

wherein receiving of a PDCCH is performed
in a second S| window which is next to the
first SI window in a modification period, in
case that the S| message is not received by
an end of the first S| window.

Clause 10. The terminal of clause 9, wherein the first
S| window is monitored from a start of the first Si
window until the end of the first SI window or until
the S| message is received,

wherein an absolute length in time of the first Si
window is configured by the base station,

wherein the modification period is a modifi-
cation period in which the acknowledge-
ment for the request is received from the
base station,

wherein the transmitting of the request in-
cludes initiating a random access proce-
dure by using a physical random access
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channel (PRACH) preamble and a PRACH
resource, in case that a system information
block 1 (SIB1) includes information associ-
ated with the PRACH preamble and the
PRACH resource, and

wherein the transmitting of the request includes
transmitting a radio resource control (RRC)
message for requesting system information, in
case that the SIB 1 does not include the infor-
mation associated with the PRACH preamble
and the PRACH resource.

Clause 11. The terminal of clause 9, wherein the
controller is further configured to:

detect that a cell reselection is occurred while
the terminal is waiting for the acknowledgement
for the request,

reset a medium access control (MAC), and
release a radio link control (RLC) entity for sig-
naling radio bearer 0 (SRBO0), in case that the
requestis based on a RRC message forrequest-
ing system information.

Clause 12. A base station of transmitting system in-
formation in a wireless communication system, the
base station comprising:

a transceiver configured to transmit and receive
a signal; and
a controller configured to:

receive, from a terminal, a request for sys-
tem information (SI),

transmit, to the terminal, an acknowledge-
ment for the request, and

transmit, to the terminal, a physical down-
link control channel (PDCCH) addressed to
a Slradio network temporary identifier (RN-
Tl) in a first SI window for a S| message,
wherein the first S| window is monitored by
the terminal for the S| message immediately
after receiving the acknowledgement, and
wherein receiving ofa PDCCH is performed
in a second S| window which is next to the
first SI window in a modification period, in
case that the SI message is not transmitted
to the terminal by an end of the first Sl win-
dow.

Clause 13. The base station of clause 12, wherein
the first S| window is monitored by the terminal from
a start of the first SI window until the end of the first
Sl window or until the SI message is transmitted to
the terminal,

wherein an absolute length in time of the first S
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window is configured by the base station, and
wherein the modification period is a modification
period in which the acknowledgement for the re-
quest is received from the base station.

Clause 14. The base station of clause 12, wherein
the receiving of the request includes initiating a ran-
dom access procedure by using a physical random
access channel (PRACH) preamble and a PRACH
resource, in case that a system information block 1
(SIB1) includes information associated with the
PRACH preamble and the PRACH resource, and
wherein the receiving of the request includes receiv-
ing a radio resource control (RRC) message for re-
questing system information, in case that the SIB1
does not include the information associated with the
PRACH preamble and the PRACH resource.
Clause 15. The base station of clause 12, wherein
an occurrence of a cell reselection is detected by the
terminal while waiting for the acknowledgement for
the request,

wherein a medium access control (MAC) is reset
by the terminal, and

wherein a radio link control (RLC) entity for sig-
naling radio bearer 0 (SRBO) is released by the
terminal, in case that the request is based on a
RRC message for requesting system informa-
tion.

Claims

A method performed by a terminal in a wireless com-
munication system, the method comprising:

identifying that a beam failure is detected for a
special cell, SpCell;

identifying whether a physical random access
channel, PRACH, occasion is configured for an
active uplink, UL, bandwidth part, BWP, of the
SpCell;

in case that the PRACH occasion is configured
for the active UL BWP, performing a random ac-
cess procedure for a beam failure recovery of
the SpCellbased on a firstbeam failure recovery
configuration of the active UL BWP; and

in case that the PRACH occasion is not config-
ured for the active UL BWP, performing the ran-
dom access procedure for the beam failure re-
covery of the SpCell based on a second beam
failure recovery configuration of an initial UL
BWP.

The method of claim 1, further comprising:

in case that the PRACH occasion is not configured
for the active UL BWP, switching the active UL BWP
to the initial UL BWP and an active downlink, DL,
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BWP to an initial DL BWP.

3. The method of claim 1, further comprising:

in case that the PRACH occasion is configured
for the active UL BWP, applying at least one of
power ramping step parameter, preamble re-
ceived target power parameter, or preamble
transmission maximum parameter of the first
beam failure recovery configuration for the ran-
dom access procedure; and

in case that the PRACH occasion is not config-
ured for the active UL BWP, applying at least
one of power ramping step parameter, preamble
received target power parameter, or preamble
transmission maximum parameter ofthe second
beam failure recovery configuration for the ran-
dom access procedure.

The method of claim 1, wherein a beam failure re-
covery timer is started based on an initiation of the
random access procedure, and

wherein the first beam failure recovery configuration
and the second beam failure recovery configuration
are received by a radio resource control, RRC, sig-
naling for the active UL BWP and the initial UL BWP,
respectively.

A method performed by a base station in a wireless
communication system, the method comprising:

performing, with a terminal, a random access
procedure for a beam failure recovery of a spe-
cial cell, SpCell, based on a first beam failure
recovery configuration of an active UL BWP, in
case that a physical random access channel,
PRACH, occasion is configured for the active
UL BWP; and

performing, with the terminal, the random ac-
cess procedure for the beam failure recovery of
the SpCell based on a second beam failure re-
covery configuration on an initial UL BWP, in
case that the PRACH occasion is not configured
for the active UL BWP.

The method of claim 5, wherein, in case that the
PRACH occasion is not configured for the active UL
BWP, the active UL BWP is switched to the initial UL
BWP and an active downlink, DL, BWP is switched
to an initial DL BWP.

The method of claim 5,

wherein, in case that the PRACH occasion is
configured for the active UL BWP, at least one
of power ramping step parameter, preamble re-
ceived target power parameter, or preamble
transmission maximum parameter of the first

10

15

20

25

30

35

40

45

50

55

17

beam failure recovery configuration is applied
for the random access procedure, and
wherein, in case that the PRACH occasion is
not configured for the active UL BWP, at least
one of power ramping step parameter, preamble
received target power parameter, or preamble
transmission maximum parameter of the second
beam failure recovery configuration is applied
for the random access procedure.

The method of claim 5, wherein a beam failure re-
covery timer is started based on an initiation of the
random access procedure, and

wherein the first beam failure recovery configuration
and the second beam failure recovery configuration
are transmitted by a radio resource control, RRC,
signaling for the active UL BWP and the initial UL
BWP, respectively.

A terminal in a wireless communication system, the
terminal comprising:

a transceiver configured to transmit and receive
a signal; and
a controller configured to:

identify that a beam failure is detected for a
special cell, SpCell,

identify whether a physical random access
channel, PRACH, occasion s configured for
an active uplink, UL, bandwidth part, BWP,
of the SpCell,

in case that the PRACH occasion is config-
ured for the active UL BWP, perform a ran-
dom access procedure for a beam failure
recovery of the SpCell based on a firstbeam
failure recovery configuration of the active
UL BWP, and

in case thatthe PRACH occasion is not con-
figured for the active UL BWP, perform the
random access procedure for the beam fail-
ure recovery of the SpCell based on a sec-
ond beam failure recovery configuration of
an initial UL BWP.

10. The terminal of claim 9, wherein the controller is fur-

1.

ther configured to:

in case that the PRACH occasion is not configured
for the active UL BWP, switch the active UL BWP to
the initial UL BWP and an active downlink, DL, BWP
to an initial DL BWP.

The terminal of claim 9, wherein the controller is fur-
ther configured to:

in case that the PRACH occasion is configured
for the active UL BWP, apply atleast one of pow-
er ramping step parameter, preamble received
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target power parameter, or preamble transmis-
sion maximum parameter of the first beam fail-
ure recovery configuration for the random ac-
cess procedure, and

in case that the PRACH occasion is not config-
ured for the active UL BWP, apply at least one
of power ramping step parameter, preamble re-
ceived target power parameter, or preamble
transmission maximum parameter ofthe second
beam failure recovery configuration for the ran-
dom access procedure.

The terminal of claim 9, wherein a beam failure re-
covery timer is started based on an initiation of the
random access procedure, and

wherein the first beam failure recovery configuration
and the second beam failure recovery configuration
are received by a radio resource control, RRC, sig-
naling for the active UL BWP and the initial UL BWP,
respectively.

A base station in a wireless communication system,
the base station comprising:

a transceiver configured to transmit and receive
a signal; and
a controller configured to:

perform, with a terminal, a random access
procedure for a beam failure recovery of a
special cell, SpCell, based on a first beam
failure recovery configuration of an active
UL BWP, in case that a physical random
access channel, PRACH, occasion is con-
figured for the active UL BWP, and
perform, with the terminal, the random ac-
cess procedure for the beam failure recov-
ery of the SpCell based on a second beam
failure recovery configuration on an initial
UL BWP, in case that the PRACH occasion
is not configured for the active UL BWP.

The base station of claim 13, wherein, in case that
the PRACH occasion is not configured for the active
UL BWP, the active UL BWP is switched to the initial
UL BWP and an active downlink, DL, BWP is
switched to an initial DL BWP.

The base station of claim 13, wherein at least one
of the following applies

wherein, in case that the PRACH occasion is
configured for the active UL BWP, at least one
of power ramping step parameter, preamble re-
ceived target power parameter, or preamble
transmission maximum parameter of the first
beam failure recovery configuration is applied
for the random access procedure,
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wherein, in case that the PRACH occasion is
not configured for the active UL BWP, at least
one of power ramping step parameter, preamble
received target power parameter, or preamble
transmission maximum parameter of the second
beam failure recovery configuration is applied
for the random access procedure,

wherein a beam failure recovery timer is started
based on an initiation of the random access pro-
cedure, and

wherein the first beam failure recovery configu-
ration and the second beam failure recovery
configuration are transmitted by a radio re-
source control (RRC) signaling for the active UL
BWP and the initial UL BWP, respectively.
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FIG. 14
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Transceiver Controller memory
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FIG. 15
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Transceiver Controller memory

33




	bibliography
	abstract
	description
	claims
	drawings

