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METHOD AND APPARATUS OF MASTER
INFORMATION BLOCK (MIB)
ACQUISITION UPON HANDOVER

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application 1s based on and claims priority
under 35 U.S.C. § 119 (e) of a U.S. Provisional application

Ser. No. 62/752,520, filed on Oct. 30, 2018, 1n the U.S.
Patent and Trademark Oflice, the disclosure of which 1s
incorporated by reference herein 1n 1ts entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a system and a method of
master information block (MIB) acquisition upon handover.

2. Description of Related Art

[0003] To meet the demand for wireless data tratlic having
increased since deployment of fourth generation (4G) com-
munication systems, efforts have been made to develop an
improved fifth generation (5G) or pre-5G communication
system. Therefore, the 3G or pre-5G communication system
1s also called a ‘beyond 4G network’ or a ‘post long term
evolution (LTE) System’. The 5G wireless communication
system 1s considered to be implemented not only in lower
frequency bands, but also 1n 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, beamforming,
massive multiple-input multiple-output (MIMO), full
dimensional MIMO (FD-MIMO), array antenna, analog
beam forming, and large scale antenna techniques are being
considered 1n the design of the 3G wireless communication
system. In addition, in 5G communication systems, devel-
opment for system network improvement 1s under-way
based on advanced small cells, cloud radio access networks
(RANs), ultra-dense networks, device-to-device (D2D)
communication, wireless backhaul, moving network, coop-
erative communication, coordinated multi-points (CoMP),
reception-end interference cancellation, and the like. In the
3G system, frequency and quadrature amplitude modulation
(FQAM), which 1s a combination of hybrid frequency shift
keying (FSK) and quadrature amplitude modulation (QAM),
and sliding window superposition coding (SWSC) as an
advanced coding modulation (ACM), filter bank multi-
carrier (FBMC), non-orthogonal multiple access (NOMA),
and sparse code multiple access (SCMA) as an advanced
access technology, have been also developed.

[0004] In a similar regard, the Internet, which 1s a human
centered connectivity network where humans generate and
consume 1nformation, 1s now evolving to the internet of
things (IoT) where distributed entities, such as things,
exchange and process information without human interven-
tion. The internet of everything (IoE), which 1s a combina-
tion of IoT technology and big data processing technology
through connection with a cloud server, has also emerged.
As technology elements, such as “sensing technology,”
“wired/wireless communication and network infrastruc-
ture,” “service interface technology,” and “security technol-
ogy”’ have been demanded for IoT implementation, a sensor
network, a machine-to-machine (M2M) communication,
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machine-type communication (MTC), and so forth have
been recently researched. Such an IoT environment may
provide itelligent Internet technology services that create a
new value to human life by collecting and analyzing data
generated among connected things. In this case, IoT may be
applied to a variety of fields including a smart home, a smart
building, a smart city, a smart car or connected cars, a smart
orid, health care, smart appliances, and advanced medical
services through convergence and combination between
existing information technology (IT) and various industrial
applications.

[0005] In line with this, various attempts have been made
to apply 5G communication systems to IoT networks. For
example, technologies, such as a sensor network, MTC, and
M2M communication may be implemented by beamiorm-
ing, 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.

[0006] In recent years several broadband wireless tech-
nologies have been developed to meet the growing number
of broadband subscribers and to provide more and better
applications and services such as these. The second genera-
tion (2G) wireless communication system has been devel-
oped to provide voice services while ensuring the mobaility
of users. Third generation (3G) wireless communication
system supports not only the voice service, but also data
service. The 4G wireless communication system has been
developed to provide high-speed data service. However, the
4G wireless communication system currently suflers from
lack of resources to meet the growing demand for high-
speed data services. Therefore, the 5G wireless communi-
cation system 1s being developed to meet the growing
demand of various services with diverse requirements, e.g.,
high-speed data services, support ultra-reliability and low
latency applications.

[0007] In addition, the SG wireless communication system
1s expected to address different use cases having quite
different requirements in terms of data rate, latency, reli-
ability, mobility etc. However, it 1s expected that the design
of the air-interface of the 5G wireless communication sys-
tem would be flexible enough to serve user equipments
(UEs) having quite different capabilities depending on the
use case and market segment 1n which the UE caters service
to the end customer. Example use cases the 5G wireless
communication system 1s expected to address includes
enhanced mobile broadband (eMBB), massive Machine
Type Communication (m-MTC), ultra-reliable low latency
communication (URLL), etc. The eMBB requirements like
tens of Gbps data rate, low latency, high mobility so on,
address the market segment representing the wireless broad-
band subscribers of the related art needing internet connec-
tivity everywhere, all the time and on the go. The m-MTC
requirements like very high connection density, infrequent
data transmission, very long battery life, low mobility
address so on, address the market segment representing the
[o'T/IoE envisioning connectivity of billions of devices. The
URLL requirements like very low latency, very high reli-
ability and variable mobility so on and so forth address the
market segment representing the Industrial automation
application, vehicle-to-vehicle/vehicle-to-infrastructure
communication that 1s foreseen as one of the enablers for
autonomous cars.
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[0008] In the 4G wireless communication system, an
enhanced node B (eNB) or a base station 1n cell broadcasts
system 1nformation (SI). SI 1s structured into master infor-
mation block (MIB) and a set of SI blocks (SIBs). MIB
consists of system frame number (SFN), downlink system
bandwidth and physical hybrid automatic repeat request
(ARQ) feedback indicator channel (PHICH) configuration.
MIB 1s transmitted every 40 ms. It 1s repeated every 1 Oms
wherein the first transmission occurs 1n subiframe #0 when
SFN mod 4 equals zero. MIB 1s transmitted on physical
broadcast channel. System information block type 1 (SIB1)
carries cell 1dentity, tracking area code, cell barring infor-
mation, value tag (common for all scheduling units), and
scheduling information of other SIBs. SIB1 i1s transmitted
every 80 ms 1n subirame #5 when SFN mod 8 equals zero.
SIB1 1s repeated 1in subirame #5 when SFN mod 2 equals
zero. SIB1 1s transmitted on physical downlink shared
channel. Other SIBs (SIB2 to SIB19) are transmitted 1n SI
message wherein scheduling info of these SIBs are indicated
in SIB1.

[0009] UE acquires the SI at cell selection, cell reselec-
tion, aifter handover completion, after entering evolved uni-
versal mobile telecommunications system (UMTS) terres-
trial radio access (E-UTRA) from another radio access
technology (RAT), upon re-entering service area, upon
receiving a notification (paging), and upon exceeding the
maximum validity duration (3 hr). In radio resource control
(RRC) 1dle and iactive state, UE needs to acquire MIB,
SIB1, SIB2 to SIB5, SIB6 to SIB8 (depending on RAT
supported), SIB17 (1f LTE-wireless local area network
(WLAN) mterworking (IWK) 1s supported), and SIB18 to
SIB19 (if D2D 1s supported). In RRC connected state, UE
needs to acquire MIB, SIB1, SIB2, SIBS8 (depending on RAT
supported), SIB17 (if LTE-WLAN IWK 1s supported), and
SIB18 to SIB19 (af D2D 1s supported).

[0010] In the 5G wireless communication system (also

referred as next generation radio or NR), SI 1s divided into
the MIB and a number of SIBs where:

[0011] the MIB i1s always transmitted on the broadcast
channel (BCH) with a periodicity of 80 ms and repeti-
tions made within 80 ms and 1t includes parameters that
are needed to acquire SIB1 from the cell.

[0012] the SIB1 1s transmitted on the downlink shared
channel (DL-SCH) with a periodicity of 160 ms and
variable transmission repetition. The default transmis-
sion repetition periodicity of SIB1 1s 20 ms but the
actual transmission repetition periodicity 1s up to net-
work 1mplementation. SIB1 includes information
regarding the availability and scheduling (e.g. mapping
of SIBs to SI message, periodicity, SI-window size) of
other SIBs with an indication whether one or more
SIBs are only provided on-demand and, in that case, the
configuration needed by the UE to perform the SI
request. SIB1 1s cell-specific SIB.

[0013] SIBs other than SIB1 are carried in SI messages,
which are transmitted on the DL-SCH. Only SIBs
having the same periodicity can be mapped to the same
SI message. Fach SI message 1s transmitted within
periodically occurring time domain windows (referred
to as SI-windows with same length for all SI messages).
Each SI message 1s associated with a SI-window and
the SI-windows of different SI messages do not over-
lap. That 1s, within one SI-window only the corre-
sponding SI message 1s transmitted. Any SIB except
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SIB1 can be configured to be cell specific or area
specific, using an indication 1 SIB1. The cell specific
SIB 1s applicable only within a cell that provides the
SIB while the area specific SIB 1s applicable within an
area referred to as SI area, which consists of one or
several cells and 1s 1dentified by systemInformationAr-

ealD).

[0014] NR supports standalone mode of operation as well
dual connectivity (DC). In DC, a multiple reception (Rx)/
transmission (1x) UE may be configured to utilize resources
provided by two different nodes connected via non-ideal
backhaul. One node acts as the master node (MN) and the
other as the secondary node (SN). The MN and SN are
connected via a network interface and at least the MN 1s
connected to the core network. NR also supports multi-RAT
dual connectivity (MR-DC) operation whereby a UE 1n
RRC_CONNECTED i1s configured to utilize radio resources
provided by two distinct schedulers, located 1n two different
nodes connected via a non-ideal backhaul and providing

either E-UTRA (1.e. if the node 1s an ng-eNB) or NR access
(1.e. if the node 1s a gNB).

[0015] In NR, the term master cell group (MCG) refers to
a group of serving cells associated with the MN, comprising
of the primary cell (PCell) and optionally one or more
secondary cells (SCells). In NR, the term secondary cell
group (SCG) refers to a group of serving cells associated
with the SN, comprising of the primary SCG cell (PSCell)
and optionally one or more SCells. In NR, PCell refers to a
serving cell in MCG, operating on the primary frequency, 1n
which the UE either performs the imitial connection estab-
lishment procedure or initiates the connection re-establish-
ment procedure. PSCell refers to a serving cell in SCG 1n
which the UE performs random access when performing the
reconfiguration with sync procedure. For DC operation, the
term SpCell (1.e. Special Cell) refers to the PCell of the
MCG or the PSCell of the SCG, otherwise the term SpCell
refers to the PCell.

[0016] In NR, reconfiguration procedure as specified in
technical specification (TS) 38.331, 1s used to modify an
RRC connection, e.g. to establish/modity/release radio bear-
ers (RBs), to perform reconfiguration with sync, to setup/
modity/release measurements, to add/modity/release SCells
and cell groups. If the UE receives RRCReconfiguration
message wherein CellGroupConfig IE 1n RRCReconfigura-
tion message contains the spCellConfig with reconfigura-
tionWithSync, UE performs reconfiguration with sync pro-
cedure. During this procedure, UE synchronizes to the
downlink (DL) of the target SpCell and acquires the MIB of
the target SpCell by recerving and decoding the physical
broadcast channel (PBCH) of target SpCell. UE then 1niti-
ates the random access towards the target SpCell. If the
target SpCell 1s PCell, RRCConnectionReconfiguration-

Complete message 1s transmitted to target SpCell. Otherwise
it 1s transmitted on source PCell.

[0017] The acqusition of MIB before initiating random
access on target SpCell 1increases the delay 1n accessing the
target SpCell. This would lead to increased data interruption
during scenarios such has handover, SCG addition, etc.

[0018] Thus, an enhanced method of receiving and decod-
ing PBCH and MIB 1s desired.

[0019] The above information 1s presented as background
information only to assist with an understanding of the
disclosure. No determination has been made, and no asser-
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tion 1s made, as to whether any of the above might be
applicable as prior art with regard to the disclosure.

SUMMARY

[0020] 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. Accord-
ingly, an aspect of the disclosure 1s to provide a communi-
cation method and system for converging a fifth generation
(5G) communication system for supporting higher data rates
beyond a fourth generation (4G) system.

[0021] Additional aspects will be set forth in part in the
description which follows and, 1n part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0022] The acquisition of master information block (MIB)
before initiating random access on target special (SpCell)
increases the delay in accessing the target SpCell. This
would lead to increased data interruption during scenarios
such has handover, secondary cell group (SCG) addition,
etc. So an enhanced method of receiving and decoding

physical broadcast channel (PBCH) and MIB 1s needed.

[0023] In accordance with an aspect of the disclosure, a
method by a terminal for performing a random access
procedure upon handover i a wireless communication
system 1s provided. The method includes 1dentifying at least
one of whether timing of a target cell 1s available or whether
a physical random access channel (PRACH) association
period 1s greater than one radio frame, determining whether
to initiate a random access procedure on the target cell
betore receiving and decoding a physical broadcast channel
(PBCH) of the target cell based on the identification, and
performing the random access procedure based on the
determination.

[0024] In accordance with another aspect of the disclo-
sure, a terminal 1n a wireless communication system 1s
provided. The terminal includes a transceiver and a at least
one processor coupled with the transceiver. The at least one
processor 1s configured to i1dentity at least one of whether
timing of a target cell 1s available or whether a physical
random access channel (PRACH) association period 1is
greater than one radio frame, determine whether to 1nitiate
a random access procedure on the target cell before receiv-
ing and decoding a physical broadcast channel (PBCH) of
the target cell based on the identification, and perform the
random access procedure based on the determination.

[0025] The acqusition of MIB before initiating random
access on target SpCell 1increases the delay 1n accessing the
target SpCell. This would lead to increased data interruption
during scenarios such has handover, SCG addition, etc. In
the disclosure, 1n order to reduce this delay, the method 1s
proposed wherein a terminal acquires MIB and/or PBCH
before initiating random access on target SpCell only if
certain criteria are met. Otherwise, the terminal does not
acquire MIB and/or PBCH before initiating random access
on target SpCell.

[0026] Other aspects, advantages, and salient features of
the disclosure will become apparent to those skilled 1n the art
from the following detailed description, which, taken 1n
conjunction with the annexed drawings, discloses various
embodiments of the disclosure.

Apr. 30, 2020

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects, features, and advan-
tages of certain embodiments of the disclosure will be more
apparent from the following description taken 1n conjunction
with the accompanying drawings, in which:

[0028] FIG. 1 shows an operation to acquire master infor-
mation block (MIB) upon receiving RRCReconfiguration
message including reconfigurationWithSync according to an
embodiment of the disclosure;

[0029] FIG. 2 shows an operation to acquire MIB upon
receiving RRCReconfiguration message including recon-
figurationWithSync according to an embodiment of the
disclosure;

[0030] FIG. 3 shows an operation to acquire MIB upon
receiving RRCReconfiguration message including recon-
figurationWithSync according to an embodiment of the
disclosure;

[0031] FIG. 4 shows an operation to acquire MIB upon
receiving RRCReconfiguration message including recon-
figurationWithSync according to an embodiment of the
disclosure; and

[0032] FIG. 5 1s a block diagram of a terminal according
to an embodiment of the disclosure.

[0033] Throughout the drawings, like reference numerals

will be understood to refer to like parts, components, and
structures.

DETAILED DESCRIPTION

[0034] The following description with reference to the
accompanying drawings 1s provided to assist 1n a compre-
hensive understanding of various embodiments of the dis-
closure as defined by the claims and their equivalents. It
includes various specific details to assist 1n that understand-
ing, but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill 1n the art will recognize
that various changes and modifications of the various
embodiments described herein can be made without depart-
ing from the scope and spirit of the disclosure. In addition,
descriptions of well-known functions and constructions may
be omitted for clarity and conciseness.

[0035] The terms and words used 1n the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, 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 disclo-
sure 1s provided for 1llustration purpose only and not for the
purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

[0036] It 1s 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.

[0037] By the term “substantially” 1t 1s meant that the
recited characteristic, parameter, or value need not be
achieved exactly, but that deviations or variations, including
for example, tolerances, measurement error, measurement
accuracy limitations and other factors known to those of
skill 1 the art, may occur 1n amounts that do not preclude
the eflect the characteristic was intended to provide.

[0038] It 1s known to those skilled in the art that blocks of
a flowchart (or sequence diagram) and a combination of
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flowcharts may be represented and executed by computer
program instructions. These computer program instructions
may be loaded on a processor of a general purpose computer,
special purpose computer, or programmable data processing
equipment. When the loaded program instructions are
executed by the processor, they create a means for carrying
out functions described 1n the flowchart. Because the com-
puter program instructions may be stored in a computer
readable memory that 1s usable 1n a specialized computer or
a programmable data processing equipment, it 15 also pos-
sible to create articles of manufacture that carry out func-
tions described 1n the flowchart. Because the computer
program 1nstructions may be loaded on a computer or a
programmable data processing equipment, when executed as
processes, they may carry out operations of functions
described 1n the flowchart.

[0039] A block of a flowchart may correspond to a mod-
ule, a segment, or a code containing one or more executable
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, two blocks listed 1n
sequence may be executed at the same time or executed 1n
reverse order.

[0040] In this 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, 1s not limited to hardware or
software. A unit, or the like, may be configured so as to
reside 1n an addressable storage medium or to drive one or
more processors. Units, or the like, may also refer to
soltware components, object-oriented software components,
class components, task components, processes, 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 larger components and units. Components and
units may be configured to drive a device or one or more
processors 1n a secure multimedia card.

[0041] Prior to the detailed description, terms or defini-
tions necessary to understand the disclosure are described.
However, these terms should be construed 1n a non-limiting
way.

[0042] A “base station (BS)” 1s an entity communicating
with a user equipment (UE) and may be referred to as a BS,

a base transceiver station (BTS), a node B (NB), an evolved
NB (eNB), an access point (AP), a fifth generation (5G) NB

(5GNB), or a next generation NB (gNB).

[0043] A “UE” 1s an entity communicating with a BS and
may be referred to as a UE, a device, a mobile station (MS),
a mobile equipment (ME), or a terminal.

Embodiment 1

[0044] FIG. 1 shows an operation to acquire master infor-
mation block (MIB) upon receiving RRCReconfiguration
message including reconfigurationWithSync according to an
embodiment of the disclosure.

[0045] 1. Reterring to FIG. 1, UE receives RRCRecon-
figuration message wherein CellGroupContig IE in RRCRe-
configuration message contains the spCellConfig with
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reconfiguration WithSync at operation 110; reconfiguration-
WithSync includes parameters for the synchronous recon-
figuration to the target SpCell.

[0046] 2. UE determines whether frame timing of target
special cell (SpCell) 1s available or not at operation 120.
Frame timing 1s considered available 1f UE knows the start
of radio frame and SystemFrameNumber of radio frame 1n
target SpCell. UE can determine the frame timing of target
SpCell 1n one of the following ways:

[0047] A. If UE has received measurement configuration
in the connected state wherein the parameter deriveSSB-
IndexFromCell was set to TRUE 1n a measurement object
corresponding to ‘synchronization signal block (SSB) fre-
quency (given by absolute radio frequency channel number
(ARFCN)) and SSB subcarrier pacing of target SpCell” and
if UE 1s configured with a serving cell whose SSB frequency
and SSB subcarrier spacing 1s same as SSB frequency and
SSB subcarrier Spacing of target SpCell then the frame
timing of target SpCell 1s same as the frame timing of this
serving cell.

[0048] B. If UE has received measurement configuration
in the connected state wherein the parameter deriveSSB-
IndexFromCell was set to TRUE 1n a measurement object
corresponding to ‘SSB frequency (given by ARFCN) and
SSB subcarrier spacing of target SpCell” and UE has the
frame timing of any neighbor cell detected on SSB ire-
quency of target SpCell then the frame timing of target
SpCell 1s same as the frame timing of this neighbor cell.
[0049] C. If UE has a valid stored system information
wherein the parameter dertveSSB-IndexFromCell was set to
TRUE corresponding to ‘SSB frequency (given by ARFCN)
and SSB subcarrier spacing of target SpCell” and 1f UE 1s
configured with a serving cell whose SSB frequency and
SSB subcarrier spacing 1s same as SSB frequency and SSB
subcarrier spacing of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.
[0050] D. If UE has a valid stored system information
wherein the parameter deriveSSB-IndexFromCell was set to
TRUE corresponding to ‘SSB frequency (given by ARFCN)
and SSB subcarrier spacing of target SpCell” and UE has the
frame timing of any neighbor cell detected on SSB ire-
quency of target SpCell then the frame timing of target
SpCell 1s same as the frame timing of this neighbor cell.
[0051] E. If the target SpCell’s frequency band belongs to
frequency range 2 (FR2) and UE has a serving cell whose
frequency 1s same as the frequency of target SpCell, then the
frame timing of target SpCell 1s same as the frame timing of
this serving cell.

[0052] F. If the target SpCell’s frequency band belongs to
FR2 and UE has frame timing of any neighbor cell whose
frequency 1s same as the frequency of target SpCell then the
frame timing of target SpCell 1s same as the frame timing of
this neighbor cell.

[0053] G. If the target SpCell’s frequency band belongs to
FR2 and Lmax=64 (where L i1s the maximum number of
beams or SSBs which 1s pre-defined for various frequency
ranges/bands) for target SpCell’s frequency and UE has a
serving cell whose frequency 1s same as the frequency of
target SpCell, then the frame timing of target SpCell 1s same
as the frame timing of this serving cell.

[0054] H. If the target SpCell’s frequency band belongs to
FR2 and Lmax=64 (where L 1s the maximum number of
beams or SSBs which 1s pre-defined for various frequency
ranges/bands) for target SpCell’s frequency and UE has
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frame timing of any neighbor cell whose frequency 1s same
as the frequency of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this neighbor
cell.

[0055] 1. If the UE has obtained the frame timing of target
SpCell while performing measurements of target SpCell.

[0056] Note that 1n an embodiment FR1 1s the frequency
range between 410 MHz and 7125 MHz. FR2 1s the fre-
quency range between 24250 MHz and 52600 MHz. In an
alternate embodiment, FR2 may include other frequency
ranges as well.

[0057] 3. If the frame timing of target SpCell 1s available,
UE does not receive and decode physical broadcast channel
(PBCH) of target SpCell. It imtiates the random access
procedure on target SpCell at operation 130.

[0058] 4. If the frame timing of target SpCell 1s not
available, UE checks whether the frequency band of target
SpCell 1s less than 3 GHz or not at operation 140. Note that
this check may not be performed by UE which does not
support frequency band>3 GHz as in this case frequency
band of target SpCell will always be less than 3 GHz, So UE

can skip operation 140 and perform operation 160.

[0059] 3. If the frequency band of target SpCell>3 GHz,
UE recerves and decodes PBCH of target SpCell at operation
150. It obtains the system frame number (SFN) and half
frame index from decoded PBCH to determine the frame
timing.

[0060] A.PBCH block is transmitted in half frame (5 ms)
and there are two half frames in one radio frame. For
frequency band>3 GHz, half frame index 1s included in
PBCH payload. Half frame index zero indicates first half
frame of radio frame. Half frame index one indicates second

half frame of radio frame. Based on half frame index, UE
can determine the radio frame boundary. The decoded
PBCH 1includes MIB and PBCH payload. 6 most significant
bits (MSBs) of SFN are in MIB and 4 least significant bits
(LSBs) of SEFN are in PBCH payload. SFN obtained from
decoded PBCH 1s the SFN of radio frame in which PBCH
1s rece1ved and decoded. Since SEN 1s sequentially assigned

to each radio frame, UE can know the SFN of all radio
frames.

[0061] UE then mitiates the random access procedure on
target SpCell at operation 151.

[0062] 6. If the frequency band of target SpCell<3 GHz,
UE checks i1f physical random access channel (PRACH)
association period in target SpCell>one radio frame or if
PRACH configuration period in target SpCell>one radio
frame at operation 160. In an alternate embodiment, 1t the
frequency band of target SpCell<3 GHz, UE checks 1f
PRACH association period in target SpCell>one radio frame
or 1f PRACH configuration period in target SpCell>one
radio frame or random access response (RAR) window size
in target SpCell>10 ms at operation 160. RAR window size
can be the maximum RAR window size in target SpCell or
configured RAR window size in target SpCell. Note that
during random access procedure, UE monitors for RAR 1n
RAR window. PRACH association period, PRACH configu-
ration period and RAR window size are configured in
random access channel (RACH) configuration of uplink
(UL) bandwidth part (BWP) used for random access in
target SpCell.

[0063] A. The PRACH association period starting from
SFN 0 1s the period in which all SSBs are mapped to
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PRACH occasions at least once. In an example, the asso-
ciation period can be equal to {1, 2, 4, 8, 16} PRACH
configuration periods.

[0064] B. The number of PRACH configuration periods 1n
association period 1s not signaled by gNB. It 1s determined
by UE based on number of SSBs mapped to a PRACH
occasions, number of SSBs transmitted 1n cell, and number
of PRACH occasions in PRACH configuration period. The
number of SSBs mapped to a PRACH occasion 1s signaled
by gNB 1n system information (and for target SpCell in
RRCReconfiguration message). The number of SSBs trans-
mitted 1n cell 1s also signaled by gNB 1n system information
and dedicated radio resource control (RRC) signaling mes-
sage (and for target SpCell in RRCReconfiguration mes-
sage). The number of PRACH occasions in PRACH con-
figuration period 1s pre-defined for each PRACH config
index where the PRACH config index 1s signaled by gNB 1n
system information (and for target SpCell in RRCRecon-
figuration message). PRACH configuration period for each
PRACH config index 1s also pre-defined. A pre-defined
PRACH configuration table indicates number of PRACH
occasions 1n PRACH configuration period, PRACH con-
figuration period, and location of PRACH occasions 1n
PRACH configuration period. PRACH config index 1s an

index to an entry 1n this PRACH configuration table.

[0065] 7. I PRACH association period 1n target

SpCell>one radio frame, or if PRACH configuration period
in target SpCell>one radio frame, or both RA association
period 1n target SpCell and PRACH configuration
period>radio frame: UE receives PBCH demodulation ref-
erence signal (DMRS) of target SpCell and obtains the half
frame timing index from PBCH DMRS at operation 170. In
an alternate embodiment, 1 PRACH association period 1n
target SpCell>one radio frame, or if PRACH configuration
period 1n target SpCell>one radio frame, or if RAR window
size 1s greater than one radio frame, UE receives PBCH
DMRS of target SpCell and obtains the half frame timing
index from PBCH DMRS at operation 170. For frequency
band<3 GHz, half frame index 1s included in PBCH DMRS.
UE receives and decodes PBCH of target SpCell and obtains
the SFN from decoded PBCH at operation 171. UE then
initiates the random access procedure on target SpCell at
operation 172.

[0066] A. It 1s to be noted that 1n this case SFN 1s needed
for random access as either PRACH association period 1n
target SpCell or PRACH configuration period in target
SpCell or both 1s greater than one radio frame or RAR
window size 1s greater than one radio frame. So, UE has to
receive and decode PBCH of target SpCell to obtain the SEFN
before 1mtiating the random access. If RAR window size 1s
greater than one radio frame, downlink control information
(DCI) scheduling RAR 1ncludes least significant bits (LSBs)
of SFN 1n which PRACH preamble 1s transmitted. So UE
has to receive and decode PBCH of target SpCell to obtain
the SFN before mitiating the random access.

[0067] 8. If both PRACH association period in target
SpCell and PRACH configuration period are not greater than
one radio frame, UE receives PBCH DMRS of target SpCell
and obtains the half frame timing index from PBCH DMRS
at operation 180. In an alternate embodiment, if PRACH
association period 1n target SpCell and PRACH configura-

tion period and RAR window size are not greater than one
radio frame, UE receives PBCH DMRS of target SpCell and

obtains the half frame timing index from PBCH DMRS at
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operation 180. For frequency band<3 GHz, half frame 1index
1s included 1n PBCH DMRS. Based on half frame index, UE
can determine the radio frame boundary. UE then initiates
the random access procedure on target SpCell at operation
181. UE can receive and decode PBCH of target SpCell any
time after imtiating the random access procedure at opera-
tion 182.

[0068] A. It 1s to be noted that 1n this case SFN 1s not
needed for random access as PRACH association period in
target SpCell and PRACH configuration period are not
greater than one radio frame. So, UE can receive and decode
PBCH of target SpCell to obtain the SFN any time after
mitiating the random access.

Embodiment 2

[0069] FIG. 2 shows an operation to acquire MIB upon
receiving RRCReconfiguration message including recon-
figurationWithSync according to an embodiment of the
disclosure.

[0070] 1. Referring to FIG. 2, UE receives RRCRecon-
figuration message wherein CellGroupContig IE in RRCRe-
configuration message contains the spCellConfig with
reconfiguration WithSync at operation 210.

[0071] 2. UE determines whether frame timing of target
SpCell 1s available or not at operation 220. Frame timing 1s
considered available 1t UE knows the start of radio frame
and SystemFrameNumber of radio frame 1n target SpCell.
UE can determine the frame timing of target SpCell 1n one
of the following ways:

[0072] A. If UE has received measurement configuration
in the connected state wherein the parameter deriveSSB-
IndexFromCell was set to TRUE 1n a measurement object
corresponding to ‘SSB frequency (given by ARFCN) and
SSB subcarrier pacing of target SpCell” and if UE 1s con-
figured with a serving cell whose SSB frequency and SSB
subcarrier spacing 1s same as SSB frequency and SSB
subcarrier Spacing of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.

[0073] B. If UE has received measurement configuration
in the connected state wherein the parameter deriveSSB-
IndexFromCell was set to TRUE 1n a measurement object
corresponding to ‘SSB frequency (given by ARFCN) and
SSB subcarrier spacing of target SpCell” and UE has the
frame timing of any neighbor cell detected on SSB ire-
quency of target SpCell then the frame timing of target
SpCell 1s same as the frame timing of this neighbor cell.

[0074] C. If UE has a valid stored system information
wherein the parameter deriveSSB-IndexFromCell was set to
TRUE corresponding to ‘SSB frequency (given by ARFCN)
and SSB subcarrier spacing of target SpCell” and 1f UE 1s
configured with a serving cell whose SSB frequency and
SSB subcarrier spacing 1s same as SSB frequency and SSB
subcarrier spacing of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.

[0075] D. If UE has a valid stored system information
wherein the parameter deriveSSB-IndexFromCell was set to
TRUE corresponding to ‘SSB frequency (given by ARFCN)
and SSB subcarrier spacing of target SpCell” and UE has the
frame timing of any neighbor cell detected on SSB ire-
quency of target SpCell then the frame timing of target
SpCell 1s same as the frame timing of this neighbor cell.

[0076] E. If the target SpCell’s frequency band belongs to
FR2 and UE has a serving cell whose frequency 1s same as
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the frequency of target SpCell, then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.
[0077] F. It the target SpCell’s frequency band belongs to
FR2 and UE has frame timing of any neighbor cell whose
frequency 1s same as the frequency of target SpCell then the
frame timing of target SpCell 1s same as the frame timing of
this neighbor cell.

[0078] G. If the target SpCell’s frequency band belongs to
FR2 and Lmax=64 (where L 1s the maximum number of
beams or SSBs which 1s pre-defined for various frequency
ranges/bands) for target SpCell’s frequency and UE has a
serving cell whose frequency 1s same as the frequency of
target SpCell, then the frame timing of target SpCell 1s same
as the frame timing of this serving cell.

[0079] H. If the target SpCell’s frequency band belongs to
FR2 and Lmax=64 (where L 1s the maximum number of
beams or SSBs which 1s pre-defined for various frequency
ranges/bands) for target SpCell’s frequency and UE has
frame timing of any neighbor cell whose frequency 1s same
as the frequency of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this neighbor
cell.

[0080] I. If the UE has obtained the frame timing of target
SpCell while performing measurements of target SpCell.
[0081] Note that in an embodiment FR1 1s the frequency
range between 410 MHz and 7125 MHz. FR2 1s the fre-
quency range between 24250 MHz and 52600 MHz. In an
alternate embodiment, FR2 may include other frequency
ranges as well.

[0082] 3. If the frame timing of target SpCell 1s available,
UE does not receive and decode PBCH of target SpCell. It
initiates the random access procedure on target SpCell at
operation 230.

[0083] 4. If the frame timing of target SpCell 1s not
available, UE checks whether the frequency band of target
SpCell 1s less than 3 GHz or not at operation 240. Note that
this check may not be performed by UE which does not
support frequency band>3 GHz as 1n this case frequency
band of target SpCell will always be less than 3 GHz, So UE
can skip operation 240 and perform operation 260.

[0084] 3. If the frequency band of target SpCell>3 GHz,
UE recerves and decodes PBCH of target SpCell at operation
250. It obtains the SFN and half frame index from decoded
PBCH to determine the frame timing.

[0085] A. PBCH block is transmitted in half frame (5 ms)
and there are two half frames in one radio frame. For
frequency band>3 GHz, half frame index 1s included 1in
PBCH payload. Half frame index zero indicates first half
frame of radio frame. Half frame index one indicates second
half frame of radio frame. Based on half frame index, UE
can determine the radio frame boundary. The decoded
PBCH includes MIB and PBCH payload. 6 MSBs of SFN
are 1n MIB and 4 LSBs of SFN are in PBCH payload. SFN
obtained from decoded PBCH 1s the SFN of radio frame 1n
which PBCH 1s received and decoded. Since SEN 1s sequen-
tially assigned to each radio frame, UE can know the SFN
of all radio frames.

[0086] UE then imnitiates the random access procedure on
target SpCell at operation 251.

[0087] 6. If the frequency band of target SpCell<3 GHz,
UE checks 1f PRACH association period 1n target
SpCell>one radio frame or not at operation 260. In an
alternate embodiment, 1 the frequency band of target

SpCell<3 GHz, UE checks 1f PRACH association period in
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target SpCell>one radio frame or 1f RAR window size in
target SpCell>10 ms at operation 260. RAR window size can
be the maximum RAR window size in target SpCell or
configured RAR window size in target SpCell. Note that
during random access procedure, UE monitors for RAR 1n
RAR window. PRACH association period, PRACH configu-
ration period and RAR window size are configured in
RACH configuration of UL BWP used for random access 1n
target SpCell.

[0088] A. The PRACH association period starting from
SFN 0 1s the period 1n which all SSBs are mapped to
PRACH occasions at least once. In an example, the asso-
ciation period can be equal to {1, 2, 4, 8, 16} PRACH
configuration periods.

[0089] B. The number of PRACH configuration periods in
association period 1s not signaled by gNB. It 1s determined
by UE based on number of SSBs mapped to a PRACH
occasions, number of SSBs transmitted in cell, and number
of PRACH occasions in PRACH configuration period. The
number of SSBs mapped to a PRACH occasion 1s signaled
by gNB 1n system information (and for target SpCell in
RRCReconfiguration message). The number of SSBs trans-
mitted 1n cell 1s also signaled by gNB 1n system information
and dedicated RRC signaling message (and for target SpCell
in RRCReconfiguration message). The number of PRACH
occasions 1n PRACH configuration period is pre-defined for
cach PRACH config index where the PRACH config index
1s signaled by gNB 1n system information (and for target
SpCell in RRCReconfiguration message). PRACH configu-
ration period for each PRACH config index i1s also pre-
defined. A pre-defined PRACH configuration table indicates
number of PRACH occasions in PRACH configuration
period, PRACH configuration period, and location of
PRACH occasions in PRACH configuration period. PRACH
conflg index 1s an index to an entry in this PRACH con-
figuration table.

[0090] 7. If PRACH association period 1n target
SpCell>one radio frame: UE receives PBCH DMRS of
target SpCell and obtains the half frame timing index from
PBCH DMRS at operation 270. In an alternate embodiment,
if PRACH association period in target SpCell>one radio

frame or if RAR window size 1s greater than 10 ms (1.e. one
radio frame): UE receives PBCH DMRS of target SpCell

and obtains the half frame timing index from PBCH DMRS
at operation 270. For frequency band<3 GHz, half frame
index 1s included 1n PBCH DMRS. UE receives and decodes
PBCH of target SpCell and obtains the SFN from decoded
PBCH at operation 271. UE then imitiates the random access
procedure on target SpCell at operation 272.

[0091] A. It 1s to be noted that 1n this case SFN 1s needed
for random access as PRACH association period in target
SpCell 1s greater than one radio frame. So, UE has to receive
and decode PBCH of target SpCell to obtain the SFN before

iitiating the random access.

[0092] 8. If PRACH association period 1n target SpCell 1s
not greater than one radio frame, UE receives PBCH DMRS
of target SpCell and obtains the half frame timing index
from PBCH DMRS at operation 280. In an alternate embodi-
ment, 1f PRACH association period 1n target SpCell 1s not
greater than one radio frame and RAR window size 1s not
greater than one radio frame, UE receives PBCH DMRS of
target SpCell and obtains the half frame timing index from
PBCH DMRS at operation 280. For frequency band<3 GHz,
half frame index 1s included in PBCH DMRS. UE then
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initiates the random access procedure on target SpCell at
operation 281. UE can receive and decode PBCH of target
SpCell any time after initiating the random access procedure
at operation 282.

[0093] A. It 1s to be noted that in this case SFN 1s not
needed for random access as both PRACH association
period 1n target SpCell and PRACH configuration period are
not greater than one radio frame. So, UE can receive and
decode PBCH of target SpCell to obtain the SFN any time
after mitiating the random access.

Embodiment 3

[0094] FIG. 3 shows an operation to acquire MIB upon
receiving RRCReconfiguration message including recon-
figurationWithSync according to an embodiment of the
disclosure.

[0095] 1. Referring to FIG. 3, UE receives RRCRecon-
figuration message wherein CellGroupConfig IE in RRCRe-
configuration message contains the spCellConfig with
reconfiguration WithSync at operation 310.

[0096] 2. UE determines whether frame timing of target
SpCell 1s available or not at operation 320. Frame timing 1s
considered available 1t UE knows the start of radio frame
and SystemFrameNumber of radio frame 1n target SpCell.
UE can determine the frame timing of target SpCell 1n one
of the following ways:

[0097] A. If UE has received measurement configuration
in the connected state wherein the parameter deriveSSB-
IndexFromCell was set to TRUE 1n a measurement object
corresponding to ‘SSB frequency (given by ARFCN) and
SSB subcarrier pacing of target SpCell” and 1f UE 1s con-
figured with a serving cell whose SSB frequency and SSB
subcarrier spacing 1s same as SSB frequency and SSB
subcarrier Spacing of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.

[0098] B. If UE has received measurement configuration
in the connected state wherein the parameter deriveSSB-
IndexFromCell was set to TRUE 1n a measurement object
corresponding to ‘SSB frequency (given by ARFCN) and
SSB subcarrier spacing of target SpCell” and UE has the
frame timing of any neighbor cell detected on SSB ire-
quency of target SpCell then the frame timing of target
SpCell 1s same as the frame timing of this neighbor cell.

[0099] C. If UE has a valid stored system information
wherein the parameter deriveSSB-IndexFromCell was set to
TRUE corresponding to ‘SSB frequency (given by ARFCN)
and SSB subcarrier spacing of target SpCell’ and if UE 1s
configured with a serving cell whose SSB frequency and
SSB subcarrier spacing 1s same as SSB frequency and SSB
subcarrier spacing of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.

[0100] D. If UE has a valid stored system information
wherein the parameter dertveSSB-IndexFromCell was set to
TRUE corresponding to ‘SSB Frequency (given by
ARFCN) and SSB Subcarrier Spacing of target SpCell” and
UE has the frame timing of any neighbor cell detected on
SSB frequency of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this neighbor
cell.

[0101] E. If the target SpCell’s frequency band belongs to
FR2 and UE has a serving cell whose frequency 1s same as
the frequency of target SpCell, then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.
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[0102] F. If the target SpCell’s frequency band belongs to
FR2 and UE has frame timing of any neighbor cell whose
frequency 1s same as the frequency of target SpCell then the
frame timing of target SpCell 1s same as the frame timing of
this neighbor cell.

[0103] G. If the target SpCell’s frequency band belongs to
FR2 and Lmax=64 (where L 1s the maximum number of
beams or SSBs which is pre-defined for various frequency
ranges/bands) for target SpCell’s frequency and UE has a
serving cell whose frequency 1s same as the frequency of
target SpCell, then the frame timing of target SpCell 1s same
as the frame timing of this serving cell.

[0104] H. If the target SpCell’s frequency band belongs to
FR2 and Lmax=64 (where L 1s the maximum number of
beams or SSBs which i1s pre-defined for various frequency
ranges/bands) for target SpCell’s frequency and UE has
frame timing of any neighbor cell whose frequency 1s same
as the frequency of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this neighbor
cell.

[0105] 1. If the UE has obtained the frame timing of target
SpCell while performing measurements of target SpCell.
[0106] Note that 1n an embodiment FR1 1s the frequency
range between 410 MHz and 7125 MHz. FR2 1s the fre-
quency range between 24250 MHz and 52600 MHz. In an
alternate embodiment, FR2 may include other frequency
ranges as well.

[0107] 3. If the frame timing of target SpCell 1s available,
UE does not recerve and decode PBCH of target SpCell. It
initiates the random access procedure on target SpCell at
operation 330.

[0108] 4. If the frame timing of target SpCell 1s not
available, UE checks whether the frequency band of target
SpCell 1s less than 3 GHz or not at operation 340. Note that
this check may not be performed by UE which does not
support frequency band>3 GHz as in this case frequency
band of target SpCell will always be less than 3 GHz, So UE
can skip operation 340 and perform operation 360.

[0109] 3. If the frequency band of target SpCell>3 GHz,
UE recerves and decodes PBCH of target SpCell at operation
350. It obtains the SFN and half frame index from decoded
PBCH to determine the frame timing.

[0110] A. PBCH block 1s transmitted 1n half frame (5 ms)
and there are two haltf frames in one radio frame. For
frequency band>3 GHz, half frame index 1s included in
PBCH payload. Half frame index zero indicates first half
frame of radio frame. Half frame index one indicates second
half frame of radio frame. Based on half frame index, UE

can determine the radio frame boundary. The decoded
PBCH includes MIB and PBCH payload. 6 MSBs of SFN

are 1n MIB and 4 LSBs of SFN are in PBCH payload. SFN
obtained from decoded PBCH 1s the SFN of radio frame 1n
which PBCH 1s received and decoded. Since SFN 1s sequen-

tially assigned to each radio frame, UE can know the SFN
of all radio frames.

[0111] UE then mitiates the random access procedure on
target SpCell at operation 351.

[0112] 6. If the frequency band of target SpCell<3 GHz,
UE checks ‘i PRACH association period 1n target
SpCell>one radio frame’ or ‘1f PRACH configuration period

in target SpCell>one radio frame’ or ‘1 target SpCell 1s a
time division duplex (TDD) cell and TDD pattern, 1.e. TDD
uplink and downlink (UL/DL) configuration in each radio

frame 1s not same’ at operation 360. In an alternate embodi-
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ment, 1f the frequency band of target SpCell<3 GHz, UE
checks ‘if PRACH association period 1n target SpCell>one
radio frame’ or ‘1 PRACH configuration period in target
SpCell>one radio frame’ or ‘it target SpCell 1s a TDD cell
and TDD pattern, 1.e. TDD UL/DL configuration 1n each
radio frame 1s not same’ or RAR window size in target
SpCell 1s greater than one radio frame at operation 360.
RAR window size can be the maximum RAR window size
in target SpCell or configured RAR window size in target
SpCell. Note that during random access procedure, UE
monitors for RAR in RAR window. PRACH association
period, PRACH configuration period and RAR window size
are configured in RACH configuration of UL BWP used for

random access 1n target SpCell.

[0113] A. The PRACH association period starting from
SEFN 0 1s the period in which all SSBs are mapped to
PRACH occasions at least once. In an example, the asso-
ciation period can be equal to {1, 2, 4, 8, 16} PRACH
configuration periods.

[0114] B. The number of PRACH configuration periods in
association period 1s not signaled by gNB. It 1s determined
by UE based on number of SSBs mapped to a PRACH
occasions, number of SSBs transmitted 1n cell, and number
of PRACH occasions in PRACH configuration period. The
number of SSBs mapped to a PRACH occasion 1s signaled
by gNB 1n system information (and for target SpCell 1n
RRCReconfiguration message). The number of SSBs trans-
mitted 1n cell 1s also signaled by gNB 1n system information
and dedicated RRC signaling message (and for target SpCell
in RRCReconfiguration message). The number of PRACH
occasions in PRACH configuration period is pre-defined for
cach PRACH config index where the PRACH config index
1s signaled by gNB in system information (and for target
SpCell 1n RRCReconfiguration message). PRACH configu-
ration period for each PRACH config index 1s also pre-
defined. A pre-defined PRACH configuration table indicates
number of PRACH occasions in PRACH configuration
period, PRACH configuration period, and location of
PRACH occasions in PRACH configuration period. PRACH
config index 1s an index to an entry in this PRACH con-
figuration table.

[0115] C. Target cell 1s a TDD cell 1t tdd-UL-DL-Con-
figurationCommon 1s included for target SpCell in RRCRe-
configuration message. TDD pattern 1s indicated in tdd-UL-
DL-ConfigurationCommon.

[0116] 7. If PRACH association period 1n target
SpCell>one radio frame, or if PRACH configuration period
in target SpCell>one radio frame, or ‘if target SpCell 1s a
TDD cell and TDD pattern 1n each radio frame 1s not same’:
UE receives PBCH DMRS of target SpCell and obtains the
half frame timing index from PBCH DMRS at operation
370. In an alternate embodiment, PR ACH association period
in target SpCell>one radio frame, or if PRACH configura-
tion period 1n target SpCell>one radio frame, or ‘if target
SpCell 1s a TDD cell and TDD pattern 1n each radio frame
1s not same’ or RAR window size 1n target SpCell 1s greater
than one radio frame: UE receives PBCH DMRS of target
SpCell and obtains the half frame timing index from PBCH
DMRS at operation 370. For frequency band<3 GHz, half
frame 1ndex 1s included in PBCH DMRS. UE receives and
decodes PBCH of target SpCell and obtains the SFN from
decoded PBCH at operation 371. UE then initiates the
random access procedure on target SpCell at operation 372.
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[0117] A. It 1s to be noted that 1n this case SFN 1s needed
for random access as either PRACH association period 1n
target SpCell or PRACH configuration period in target
SpCell 1s greater than one radio frame or target SpCell 1s a
TDD Cell and TDD pattern in each radio frame 1s not same.
So, UE has to receive and decode PBCH of target SpCell to
obtain the SFN before initiating the random access.

[0118] B. In case of TDD, the PRACH occasions over-
lapping with DL symbols are not valid in PRACH configu-
ration period. So, if TDD pattern 1s not same in each radio
frame, UE needs to know the SFN of target SpCell to
determine the PRACH occasions 1n each radio frame.
[0119] 8. If both PRACH association period in target
SpCell and PRACH configuration period are not greater than
one radio frame and 1f the target SpCell 1s a frequency
division duplex (FDD) cell or TDD pattern in each radio
frame 1s same, UE recetves PBCH DMRS of target SpCell
and obtains the half frame timing index from PBCH DMRS
at operation 380. In an alternate embodiment, if both
PRACH association period 1n target SpCell and PRACH
configuration period are not greater than one radio frame and
RAR window size of target SpCell 1s not greater than one
radio frame and 1f the target SpCell 1s a FDD cell or TDD
pattern 1n each radio frame 1s same, UE receives PBCH
DMRS of target SpCell and obtains the half frame timing
index from PBCH DMRS at operation 380. For frequency
band<3 GHz, half frame index 1s included in PBCH DMRS.
Based on half frame index, UE can determine the radio
frame boundary. UE then initiates the random access pro-
cedure on target SpCell at operation 381. UE can receive and
decode PBCH of target SpCell any time after mnitiating the
random access procedure at operation 382.

[0120] A. It 1s to be noted that in this case SEFN 1s not
needed for random access as both PRACH association
period 1n target SpCell and PRACH configuration period are
not greater than one radio frame and TDD pattern in each
radio frame 1s same’. So, UE can receive and decode PBCH
of target SpCell to obtain the SFN any time after initiating
the random access.

Embodiment 4

[0121] FIG. 4 shows an operation to acquire MIB upon
receiving RRCReconfiguration message including recon-
figurationWithSync according to an embodiment of the
disclosure.

[0122] 1. Referring to FIG. 4, UE receives RRCRecon-
figuration message wherein CellGroupConfig IE 1n RRCRe-
configuration message contains the spCellConfig with
reconfiguration WithSync at operation 410.

[0123] 2. UE determines whether frame timing of target
SpCell 1s available or not at operation 420. Frame timing 1s
considered available 1f UE knows the start of radio frame
and SystemFrameNumber of radio frame 1n target SpCell.
UE can determine the frame timing of target SpCell 1n one
of the following ways:

[0124] A. If UE has received measurement configuration
in the connected state wherein the parameter deriveSSB-
IndexFromCell was set to TRUE 1n a measurement object
corresponding to ‘SSB frequency (given by ARFCN) and
SSB subcarrier pacing of target SpCell” and 1f UE 1s con-
figured with a serving cell whose SSB frequency and SSB
subcarrier spacing 1s same as SSB frequency and SSB
subcarrier Spacing of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.
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[0125] B. If UE has received measurement configuration
in the connected state wherein the parameter deriveSSB-
IndexFromCell was set to TRUE 1n a measurement object
corresponding to ‘SSB frequency (given by ARFCN) and
SSB subcarrier spacing of target SpCell” and UE has the
frame timing of any neighbor cell detected on SSB fre-
quency of target SpCell then the frame timing of target
SpCell 1s same as the frame timing of this neighbor cell.

[0126] C. If UE has a valid stored system information
wherein the parameter dertveSSB-IndexFromCell was set to
TRUE corresponding to ‘SSB frequency (given by ARFCN)
and SSB subcarrier spacing of target SpCell” and 1f UE 1s
configured with a serving cell whose SSB frequency and
SSB subcarrier spacing 1s same as SSB frequency and SSB
subcarrier spacing of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.

[0127] D. If UE has a valid stored system information
wherein the parameter deriveSSB-IndexFromCell was set to
TRUE corresponding to ‘SSB frequency (given by ARFCN)
and SSB subcarrier spacing of target SpCell” and UE has the
frame timing of any neighbor cell detected on SSB ire-
quency of target SpCell then the frame timing of target
SpCell 1s same as the frame timing of this neighbor cell.

[0128] E. If the target SpCell’s frequency band belongs to
FR2 and UE has a serving cell whose frequency 1s same as
the frequency of target SpCell, then the frame timing of
target SpCell 1s same as the frame timing of this serving cell.

[0129] F. If the target SpCell’s frequency band belongs to
FR2 and UE has frame timing of any neighbor cell whose
frequency 1s same as the frequency of target SpCell then the
frame timing of target SpCell 1s same as the frame timing of
this neighbor cell.

[0130] G. If the target SpCell’s frequency band belongs to
FR2 and Lmax=64 (where L 1s the maximum number of
beams or SSBs which 1s pre-defined for various frequency
ranges/bands) for target SpCell’s frequency and UE has a
serving cell whose frequency 1s same as the frequency of
target SpCell, then the frame timing of target SpCell 1s same
as the frame timing of this serving cell.

[0131] H. If the target SpCell’s frequency band belongs to
FR2 and Lmax=64 (where L 1s the maximum number of
beams or SSBs which 1s pre-defined for various frequency
ranges/bands) for target SpCell’s frequency and UE has
frame timing of any neighbor cell whose frequency 1s same
as the frequency of target SpCell then the frame timing of
target SpCell 1s same as the frame timing of this neighbor
cell.

[0132] 1. If the UE has obtained the frame timing of target
SpCell while performing measurements of target SpCell.

[0133] Note that 1n an embodiment FR1 1s the frequency
range between 410 MHz and 7125 MHz. FR2 1s the fre-
quency range between 24250 MHz and 52600 MHz. In an
alternate embodiment, FR2 may include other frequency
ranges as well.

[0134] 3. If the frame timing of target SpCell 1s available,
UE does not receive and decode PBCH of target SpCell. It
initiates the random access procedure on target SpCell at
operation 430.

[0135] 4. If the frame timing of target SpCell 1s not
available, UE checks whether the frequency band of target
SpCell 1s less than 3 GHz or not at operation 440. Note that
this check may not be performed by UE which does not
support frequency band>3 GHz as 1n this case frequency
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band of target SpCell will always be less than 3 GHz, So UE
can skip operation 440 and perform operation 460.

[0136] 5. If the frequency band of target SpCell>3 GHz,
UE receives and decodes PBCH of target SpCell at operation
450. It obtains the SFN and half frame index from decoded

PBCH to determine the frame timing.

[0137] A. PBCH block 1s transmitted in half frame (5 ms)
and there are two haltf frames in one radio frame. For
frequency band>3 GHz, half frame index 1s included in
PBCH payload. Half frame index zero indicates first half
frame of radio frame. Half frame index one indicates second
half frame of radio frame. Based on half frame index UE can
determine the radio frame boundary. The decoded PBCH
includes MIB and PBCH payload. 6 MSBs of SFN are 1n
MIB and 4 LSBs of SFN are in PBCH payload. SFN
obtained from decoded PBCH 1s the SFN of radio frame 1n
which PBCH 1s received and decoded. Since SEN 1s sequen-
tially assigned to each radio frame, UE can know the SFN
of all radio frames.

[0138] UE then mitiates the random access procedure on
target SpCell at operation 451.

[0139] 6. If the frequency band of target SpCell<3 GHz,
UE checks it PRACH association period 1n target
SpCell>one radio frame or ‘if target SpCell 1s a TDD Cell
and TDD pattern 1n each radio frame 1s not same’ at
operation 460. In an alternate embodiment, if the frequency
band of target SpCell<3 GHz, UE checks 1f PRACH asso-
ciation period in target SpCell>one radio frame or ‘if target
SpCell 1s a TDD Cell and TDD pattern in each radio frame
1s not same’ or RAR window size 1n target SpCell>one radio
frame at operation 460. RAR window size can be the
maximum RAR window size 1n target SpCell or configured
RAR window size in target SpCell. Note that during random
access procedure, UE monitors for RAR in RAR window.
PRACH association period and RAR window size are
configured in RACH configuration of UL BWP used {for

random access 1n target SpCell.

[0140] A. The PRACH association period starting from
SFN 0 1s the period in which all SSBs are mapped to
PRACH occasions at least once. In an example, the asso-
ciation period can be equal to {1, 2, 4, 8, 16} PRACH
configuration periods.

[0141] B. The number of PRACH configuration periods 1n
association period 1s not signaled by gNB. It 1s determined
by UE based on number of SSBs mapped to a PRACH
occasions, number of SSBs transmitted 1n cell, and number
of PRACH occasions in PRACH configuration period. The
number of SSBs mapped to a PRACH occasion 1s signaled
by gNB 1n system information (and for target SpCell in
RRCReconfiguration message). The number of SSBs trans-
mitted 1n cell 1s also signaled by gNB 1n system information
and dedicated RRC signaling message (and for target SpCell
in RRCReconfiguration message). The number of PRACH
occasions 1n PRACH configuration period 1s pre-defined for
cach PRACH config index where the PRACH config index
1s signaled by gNB 1n system information (and for target
SpCell in RRCReconfiguration message). PRACH configu-
ration period for each PRACH config index 1s also pre-
defined. A pre-defined PRACH configuration table indicates
number of PRACH occasions mn PRACH configuration
period, PRACH configuration period, and location of
PRACH occasions in PRACH configuration period. PRACH
conflg index 1s an index to an entry in this PRACH con-
figuration table.
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[0142] C. Target cell 1s a TDD cell if tdd-UL-DL-Con-
figurationCommon 1s included for target SpCell in RRCRe-
configuration message. TDD pattern 1s indicated in tdd-UL-
DL-ConfigurationCommon.

[0143] 7. If PRACH association period 1n target
SpCell>one radio frame or ‘if target SpCell 1s a TDD cell

and TDD pattern in each radio frame 1s not same’: UE
receives PBCH DMRS of target SpCell and obtains the half

frame timing index from PBCH DMRS at operation 470. In
an alternate embodiment, 1f PRACH association period 1n
target SpCell>one radio frame or ‘if target SpCell 1s a TDD
cell and TDD pattern in each radio frame 1s not same’ or 1f

RAR window size 1n target SpCell 1s greater than one radio
frame: UE receives PBCH DMRS of target SpCell and

obtains the half frame timing index from PBCH DMRS at
operation 470. For frequency band<3 GHz, half frame index
1s 1mcluded in PBCH DMRS. UE receives and decodes
PBCH of target SpCell and obtains the SFN from decoded

PBCH at operation 471. UE then initiates the random access
procedure on target SpCell at operation 472.

[0144] A. It 1s to be noted that 1 this case SFN 1s needed
for random access as PRACH association period in target
SpCell 1s greater than one radio frame. So, UE has to receive
and decode PBCH of target SpCell to obtain the SFN before
initiating the random access.

[0145] B. In case of TDD, the PRACH occasions over-
lapping with DL symbols are not valid in PRACH configu-
ration period. So, 1if TDD pattern 1s not same 1n each radio

frame, UE needs to know the SFN of target SpCell to
determine the RACH occasions 1n each radio frame.
[0146] 8. If PRACH association period 1n target SpCell 1s
not greater than one radio frame and ‘if target SpCell 1s an
FDD Cell or TDD pattern 1n each radio frame 1s same’, UE
receives PBCH DMRS of target SpCell and obtains the half
frame timing index from PBCH DMRS at operation 480. In
an alternate embodiment, 1f PRACH association period 1n
target SpCell 1s not greater than one radio frame and RAR
window size 1n target SpCell 1s not greater than one radio
frame and ‘1t target SpCell 1s a FDD Cell or TDD pattern 1n
each radio frame 1s same’, UE receives PBCH DMRS of
target SpCell and obtains the half frame timing index from
PBCH DMRS at operation 480. For frequency band<3 GHz,
half frame index 1s included in PBCH DMRS. UE then
initiates the random access procedure on target SpCell at
operation 481. UE can receive and decode PBCH of target
SpCell any time after initiating the random access procedure
at operation 482.

[0147] A. It 1s to be noted that in this case SFN 1s not
needed for random access as both PRACH association
period 1n target SpCell and PRACH configuration period are
not greater than one radio frame. So, UE can receive and
decode PBCH of target SpCell to obtain the SFN any time
after mitiating the random access.

[0148] In the various embodiment described earlier, RAR
window size.
[0149] In the various embodiment described earlier, UE

determines half frame timing from DMRS of PBCH as
follows:

[0150] Generic pseudo-random sequences are defined by a
length-31 Gold sequence. The output sequence c(n) of
length M., where n=0, 1, . .., Mz,~1, 1s defined by

c(n)=(x(n+N -)+x>(n+N))mod 2
X (n+31)=(x;(7+3)+x;(x))mod 2

X5 (1+31)=(x5(r+3 )+x5 (142 )+x5(1+1 )+x5(x))mod 2 Equation 1
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where N,~1600 and the first m-sequence x,(n) shall be
mitialized with x,(0)=1, x,(n)=0, n=1, 2, . . . , 30. The
iitialization of the second m-sequence, x,(n), 1s denoted by
c, . =2, X,(1)-2’ with the value depending on the applica-
tion of the sequence.

[0151] The IE shall assume the DMRS sequence r(m) for
an SSB 1s defined by

1 1 Equation 2
rim)= — ({1 -2-c2m))+ j—(1 = 2-c(Zm + 1))

V2 V2

where c(n) 1s given earlier. The scrambling sequence gen-
erator shall be mnitialized at the start of each SSB occasion
with

Cinir—2 H (;SSB+( I_N[Dceﬂ/4j +1 )+26(;SSB+ 1 )+(NIDCQH

mod 4) Equation 3

where

[0152] for L=4, 15451 5s5+4n,Where n,,is the number of
the half-frame 1n which the PBCH 1s transmitted in a frame
with n,, =0 for the first halt-frame in the frame and n, ~1 for
the second half-frame 1n the frame, and 1.5 1s the two LSBs
of the SSB index.

[0153] for L=8 or L=64, 1.cx=1<.r Where 1.5 1s the three
LSBs of the SSB 1index with L being the maximum number
of SSB beams 1n an SSB period for a particular band.
[0154] FIG. 5 1s a block diagram of a terminal according
to an embodiment of the disclosure.

[0155] Referring to FIG. 5, a terminal includes a trans-
ceiver 510, a controller 520 and a memory 530. The con-
troller 520 may refer to a circuitry, an ASIC, or at least one
processor. The transceiver 510, the controller 520 and the
memory 530 are configured to perform the operations of the
UE 1illustrated 1n the figures, e.g. FIGS. 1 to 4, or as
otherwise described above. Although the transceiver 510,
the controller 520 and the memory 530 are shown as
separate entities, they may be realized as a single entity like
a single chip. The transceiver 510, the controller 520 and the
memory 330 may also be electrically connected to or
coupled with each other.

[0156] The transceiver 510 may transmit and receive
signals to and from other network entities, e.g., a base
station. For example, the transceiver 510 receives an RRC
reconfiguration message including the spCellConfig with
reconfiguration WithSync and/or tdd-UL-DL-Configuration-
Common for the target SpCell, or a PBCH DMRS of the
target SpCell.

[0157] The controller 520 may control the UE to perform
functions according to one of the embodiments described
above. For example, the controller 520 configured to iden-
tify at least one of whether timing of a target cell 1s available,
whether a frequency band of the target cell 1s less than 3
GHz, whether a PRACH association period 1s greater than
one radio frame, whether a PRACH configuration period i1s
greater than one radio frame, or the target cell 1s a TDD cell
and a TDD UL/DL pattern 1s not same 1n each radio frame
of the target cell. The controller 520 1s configured to
determine whether to initiate a random access procedure on
the target cell belfore recerving and decoding a PBCH of the
target cell based on the identification, and to perform the
random access procedure based on the determination. The
controller 520 may be configured to i1mitiate the random
access procedure without receiving and decoding the PBCH
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if the timing of the target cell 1s available. The controller 520
may be configured to control the transceiver to receive a
PBCH DMRS of the target cell to obtain a half frame timing
index, and to mitiate the random access procedure based on
the half frame timing index before receiving and decoding
the PBCH, 11 the PRACH association period and the
PRACH configuration period are shorter than one radio

frame, the frequency band of the target cell 1s less than 3
GHz, and the target cell being a FDD cell or the TDD

UL/DL pattern being same 1n each radio frame of the target
cell.

[0158] In an embodiment, the operations of the terminal
may be implemented using the memory 530 storing corre-
sponding program codes. Specifically, the terminal may be
equipped with the memory 530 to store program codes
implementing desired operations. To perform the desired
operations, the controller 520 may read and execute the
program codes stored 1in the memory 3530 by using a pro-
cessor or a central processing unit (CPU).

[0159] While the disclosure has been shown and described
with reference to various embodiments thereof, 1t will be
understood by those skilled 1n 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.

What 1s claimed 1s:

1. A method by a terminal for performing a random access
procedure upon handover 1n a wireless communication
system, the method comprising:

identifying at least one of whether timing of a target cell

1s available or whether a physical random access chan-
nel (PRACH) association period 1s greater than one
radio frame;

determining whether to imnitiate a random access proce-
dure on the target cell before recerving and decoding a
physical broadcast channel (PBCH) of the target cell
based on the i1dentification; and

performing the random access procedure based on the
determination.

2. The method of claim 1, further comprising:

initiating the random access procedure without receiving
and decoding the PBCH, based on the timing of the
target cell being available.

3. The method of claim 1, further comprising:

recetving a PBCH demodulation reference signal
(DMRS) of the target cell to obtain a half frame timing
index, based on the PRACH association period being
shorter than one radio frame; and

initiating the random access procedure based on the half
frame timing index before receiving and decoding the

PBCH.
4. The method of claim 1, further comprising:

1dentifying whether a frequency band of the target cell 1s
less than 3 GHz.

5. The method of claim 4, further comprising:

receiving a PBCH demodulation reference signal
(DMRS) of the target cell to obtain a half frame timing
index, based on the PRACH association period being
shorter than one radio frame and the frequency band of
the target cell being less than 3 GHz; and

imitiating the random access procedure based on the half
frame timing index before receiving and decoding the

PBCH.
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6. The method of claim 1, further comprising:

identifying whether a PRACH configuration period 1s

greater than one radio frame.

7. The method of claim 6, further comprising;:

receiving a PBCH demodulation reference signal

(DMRS) of the target cell to obtain a half frame timing
index, based on the PRACH association period and the
PRACH configuration period being shorter than one
radio frame; and

initiating the random access procedure based on the half

frame timing 1index before receiving and decoding the
PBCH.

8. The method of claim 1, further comprising;:

identifying whether the target cell 1s a time division

duplex (TDD) cell and a TDD uplink and downlink
(UL/DL) pattern 1s not same 1n each radio frame of the
target cell.

9. The method of claim 8, turther comprising;:

receiving a PBCH demodulation reference signal

(DMRS) of the target cell to obtain a half frame timing
index, based on the PRACH association period being
shorter than one radio frame, and based on the target
cell being a frequency division duplex (FDD) cell or
the TDD UL/DL pattern being same in each radio
frame of the target cell; and

initiating the random access procedure based on the half

frame timing 1index before receiving and decoding the
PBCH.

10. The method of claim 1, further comprising;:

receiving a radio resource control (RRC) reconfiguration

message mcluding parameters for synchronous recon-
figuration to the target cell.

11. A terminal in a wireless communication system, the
terminal comprising;:

a transceiver; and

at least one processor coupled with the transceiver and

configured to:

identify at least one of whether timing of a target cell
1s available or whether a physical random access
channel (PRACH) association period 1s greater than
one radio frame,

determine whether to mitiate a random access proce-
dure on the target cell before receiving and decoding
a physical broadcast channel (PBCH) of the target
cell based on the identification, and

perform the random access procedure based on the
determination.

12. The terminal of claim 11, wherein the at least one
processor 1s further configured to initiate the random access
procedure without receiving and decoding the PBCH, based
on the timing of the target cell being available.

13. The terminal claim 11, wherein the at least one
processor 1s further configured to:

control the transceiver to recetve a PBCH demodulation

reference signal (DMRS) of the target cell to obtain a
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half frame timing index, based on the PRACH asso-
ciation period being shorter than one radio frame, and
initiate the random access procedure based on the half
frame timing index before receiving and decoding the

PBCH.
14. The terminal of claim 11, wherein the at least one
processor 1s further configured to identity whether a fre-
quency band of the target cell 1s less than 3 GHz.
15. The terminal of claim 14, wherein the at least one
processor 1s further configured to:
control the transceiver to receive a PBCH demodulation
reference signal (DMRS) of the target cell to obtain a
half frame timing index, based on the PRACH asso-
ciation period being shorter than one radio frame and
the frequency band of the target cell being less than 3
GHz, and

initiate the random access procedure based on the half
frame timing index before receiving and decoding the
PBCH.

16. The terminal of claim 11, wherein the at least one
processor 1s further configured to 1dentity whether a PRACH
configuration period 1s greater than one radio frame.

17. The terminal of claim 16, wherein the at least one
processor 1s further configured to:

control the transceiver to receive a PBCH demodulation

reference signal (DMRS) of the target cell to obtain a
half frame timing index, based on the PRACH asso-
ciation period and the PRACH configuration period
being shorter than one radio frame, and

initiate the random access procedure based on the half

frame timing index before receiving and decoding the
PBCH.
18. The terminal of claim 11, wherein the at least one
processor 1s further configured to 1dentify whether the target
cell 1s a time division duplex (TDD) cell and a TDD uplink
and downlink (UL/DL) pattern 1s not same in each radio
frame of the target cell.
19. The terminal of claim 18, wherein the at least one
processor 1s further configured to:
control the transceiver to receive a PBCH demodulation
reference signal (DMRS) of the target cell to obtain a
half frame timing index, based on the PRACH asso-
ciation period being shorter than one radio frame, and
based on the target cell being a frequency division
duplex (FDD) cell or the TDD UL/DL pattern being
same 1n each radio frame of the target cell, and

initiate the random access procedure based on the half
frame timing 1index before receiving and decoding the
PBCH.

20. The terminal of claim 11, wherein the at least one
processor 1s further configured to:

control the transceiver to receive a radio resource control

(RRC) reconfiguration message including parameters
for synchronous reconfiguration to the target cell.

e e e e e
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