DESCRIPTION
Title of the Invention: METHOD FOR TRANSRECEIVING SYNCHRONIZATION
SIGNAL BLOCK AND APPARATUS FOR SAME

Technical Field

[1] The present disclosure relates to a method and apparatus for transmitting and
receiving a synchronization signal block (SSB), and more particularly, to a method and
apparatus for identifying a period in which an SSB has been received, between the former

and latter 5-ms periods of a 10-ms period.

Background Art

[2] As more and more communication devices demand larger communication
traffic along with the current trends, a future-generation 5™ generation (5G) system is
required to provide an enhanced wireless broadband communication, compared to the
legacy LTE system. In the future-generation 5G system, communication scenarios are
divided into enhanced mobile broadband (eMBB), ultra-reliability and low-latency
communication (URLLC), massive machine-type communication (mMTC), and so on.

[3] Herein, eMBB is a future-generation mobile communication scenario
characterized by high spectral efficiency, high user experienced data rate, and high peak
data rate, URLLC is a future-generation mobile communication scenario characterized by
ultra high reliability, ultra low latency, and ultra high availability (e.g., vehicle to everything
(V2X), emergency service, and remote control), and mMTC is a future-generation mobile
communication scenario characterized by low cost, low energy, short packet, and massive

connectivity (e.g., Internet of things (IoT)).

Disclosure
Technical Problem

[4] The present disclosure is intended to provide a method and apparatus for
transmitting and receiving a synchronization signal block (SSB).

[5] It will be appreciated by persons skilled in the art that the objects that could be
achieved with the present disclosure are not limited to what has been particularly described
hereinabove and the above and other objects that the present disclosure could achieve will

be more clearly understood from the following detailed description.



Technical Solution

[6] According to an embodiment of the present disclosure, a method of receiving a
synchronization signal block (SSB) by a user equipment (UE) in a wireless communication
system includes receiving, in one of two half frames included in a frame, a SSB including a
primary synchronization signal (PSS), a secondary synchronization signal (SSS), and a
physical broadcast channel (PBCH), and receiving a demodulation reference signal (DMRS)
in a resource region carrying the PBCH. Information about the half frame in which the SSB
is received may be obtained from a sequence of the DMRS.

[7] If the number of SSB candidates available for transmission of the SSB in the
half frame satisfies a first value, the information about the half frame may be obtained from
the sequence of the DMRS.

[8] Further, if the number of SSB candidates available for transmission of the SSB
in the half frame satisfies a second value, the information about the half frame may not be
received in the sequence of the DMRS.

[9] Further, the information about the half frame may be received in a payload of
the PBCH.

[10] Further, the sequence of the DMRS may be generated on the basis of a cell
identifier (ID) identifying a cell, an index of the SSB, and the information about the half
frame.

[11] Further, if the number of SSB candidates available for transmission of the SSB
in the half frame satisfies a first value, the sequence of the DMRS may be generated by
using the product between the specific value and the value of the information about the half
frame.

[12] Further, sequences for the DMRS in the case where the number of SSB
candidates available for transmission of the SSB in the half frame satisfies a first value may
be included in sequences for the DMRS in the case where the number of SSB candidates
satisfies a second value.

[13] Further, information about the frame in which the SSB is received may be
received in payload of the PBCH.

[14] Further, one bit of a scrambling sequence of the PBCH may correspond to the
information about the half frame.

[15] Further, a scrambling sequence of the PBCH may be generated by using part of
information about the frame.

[16] According to an embodiment of the present disclosure, a UE for receiving a



synchronization signal block (SSB) in a wireless communication system includes a
transceiver configured to transmit and receive signals to and from a base station (BS), and a
processor configured to control the transceiver. The processor is configured to control the
transceiver to receive, in one of two half frames included in a frame, a SSB including a
primary synchronization signal (PSS), a secondary synchronization signal (SSS), and a
physical broadcast channel (PBCH), and to control the transceiver to receive a
demodulation reference signal (DMRS) in a resource region carrying the PBCH.
Information about the half frame in which the SSB is received may be obtained from a
sequence of the DMRS.

[17] According to an embodiment of the present disclosure, a method of transmitting
a synchronization signal block (SSB) by a BS in a wireless communication system includes
transmitting, in one of two half frames included in a frame, a SSB including a primary
synchronization signal (PSS), a secondary synchronization signal (SSS), and a physical
broadcast channel (PBCH), and transmitting a demodulation reference signal (DMRS) in a
resource region carrying the PBCH. Information about the half frame in which the SSB is
received may be transmitted in a sequence of the DMRS.

[18] According to the present disclosure, a BS for transmitting a synchronization
signal block (SSB) in a wireless communication system includes a transceiver configured to
transmit and receive signals to and from a BS, and a processor configured to control the
transceiver. The processor is configured to control the transceiver to transmit, in one of two
half frames included in a frame, a SSB including a primary synchronization signal (PSS), a
secondary synchronization signal (SSS), and a physical broadcast channel (PBCH), and to
control the transceiver to transmit a demodulation reference signal (DMRS) in a resource
region carrying the PBCH. Information about the half frame in which the SSB is received

may be transmitted in a sequence of the DMRS.

Advantageous Effects

[19] According to the present disclosure, when a synchronization signal block (SSB)
is received, half frames are distinguished from each other by using a physical broadcast
channel-demodulation reference signal (PBCH-DMRS) included in the SSB. Therefore, the
decoding performance of a half frame indicator can be increased.

[20] It will be appreciated by persons skilled in the art that the effects that can be
achieved with the present disclosure are not limited to what has been particularly described

hereinabove and other advantages of the present disclosure will be more clearly understood



from the following detailed description taken in conjunction with the accompanying

drawings.

Brief Description of the Drawings

[21] FIG. 1 is a view illustrating the control-plane and user-plane architecture of
radio interface protocols between a user equipment (UE) and an evolved UMTS terrestrial
radio access network (E-UTRAN) in conformance to a 3™ generation partnership project
(3GPP) radio access network standard.

[22] FIG. 2 is a view illustrating physical channels and a general signal transmission
method using the physical channels in a 3GPP system.

[23] FIG. 3 is a view illustrating a radio frame structure for transmitting a
synchronization signal (SS) in a long term evolution (LTE) system.

[24] FIG. 4 is a view illustrating an exemplary slot structure available in new radio
access technology (NR).

[25] FIG. 5 is a view illustrating exemplary connection schemes between transceiver
units (TXRUSs) and antenna elements.

[26] FIG. 6 is a view abstractly illustrating a hybrid beamforming structure in terms
of TXRUs and physical antennas.

[27] FIG. 7 is a view illustrating beam sweeping for a synchronization signal and
system information during downlink (DL) transmission.

[28] FIG. 8 is a view illustrating an exemplary cell in an NR system.

[29] FIG. 9 is a view referred to for describing embodiments of multiplexing a
primary synchronization signal (PSS), a secondary synchronization signal (SSS), and a
physical broadcast channel (PBCH) in a synchronization signal (SS).

[30] FIGS. 10 to 14 are views referred to for describing methods for configuring an
SS burst and an SS burst set.

[31] FIG. 15 to 19 are a view referred to for describing a method for indexing an SS
and a method for indicating information about an SS index, SFN, Half Frame.

[32] FIGS. 20 to 40 are views illustrating performance measurement results
according to an embodiment of the present disclosure.

[33] FIGS. 41 to 43 are views referred to for describing embodiments of configuring
a bandwidth for a DL common channel.

[34] FIG. 44 is a block diagram illustrating components of a transmission apparatus

10 and a reception apparatus 20, for implementing the present disclosure.



Best Mode for Carrying Out the Invention

[35] The configuration, operation, and other features of the present disclosure will
readily be understood with embodiments of the present disclosure described with reference
to the attached drawings. Embodiments of the present disclosure as set forth herein are
examples in which the technical features of the present disclosure are applied to a 3™
generation partnership project (3GPP) system.

[36] While embodiments of the present disclosure are described in the context of
long term evolution (LTE) and LTE-advanced (LTE-A) systems, they are purely exemplary.
Therefore, the embodiments of the present disclosure are applicable to any other
communication system as long as the above definitions are valid for the communication
system.

[37] The term, Base Station (BS) may be used to cover the meanings of terms
including remote radio head (RRH), evolved Node B (eNB or eNode B), transmission point
(TP), reception point (RP), relay, and so on.

[38] The 3GPP communication standards define downlink (DL) physical channels
corresponding to resource elements (REs) carrying information originated from a higher
layer, and DL physical signals which are used in the physical layer and correspond to REs
which do not carry information originated from a higher layer. For example, physical
downlink shared channel (PDSCH), physical broadcast channel (PBCH), physical multicast
channel (PMCH), physical control format indicator channel (PCFICH), physical downlink
control channel (PDCCH), and physical hybrid ARQ indicator channel (PHICH) are defined
as DL physical channels, and reference signals (RSs) and synchronization signals (SSs) are
defined as DL physical signals. An RS, also called a pilot signal, is a signal with a
predefined special waveform known to both a gNode B (gNB) and a UE. For example, cell
specific RS, UE-specific RS (UE-RS), positioning RS (PRS), and channel state information
RS (CSI-RS) are defined as DL RSs. The 3GPP LTE/LTE-A standards define uplink (UL)
physical channels corresponding to REs carrying information originated from a higher layer,
and UL physical signals which are used in the physical layer and correspond to REs which
do not carry information originated from a higher layer. For example, physical uplink
shared channel (PUSCH), physical uplink control channel (PUCCH), and physical random
access channel (PRACH) are defined as UL physical channels, and a demodulation
reference signal (DMRS) for a UL control/data signal, and a sounding reference signal (SRS)

used for UL channel measurement are defined as UL physical signals.



[39] In the present disclosure, the PDCCH/PCFICH/PHICH/PDSCH refers to a set
of time-frequency resources or a set of REs, which carry downlink control information
(DCl)/a control format indicator (CFl)/a DL acknowledgement/negative acknowledgement
(ACK/NACK)/DL data. Further, the PUCCH/PUSCH/PRACH refers to a set of time-
frequency resources or a set of REs, which carry UL control information (UCI)/UL data/a
random access signal. In the present disclosure, particularly a time-frequency resource or an
RE which 5 allocated to or belongs to the
PDCCH/PCFICH/PHICH/PDSCH/PUCCH/PUSCH/PRACH is referred to as a PDCCH
RE/PCFICH RE/PHICH RE/PDSCH RE/PUCCH RE/PUSCH RE/PRACH RE or a
PDCCH  resource/PCFICH  resource/PHICH  resource/PDSCH  resource/PUCCH
resource/PUSCH resource/PRACH resource. Hereinbelow, if it is said that a UE transmits a
PUCCH/PUSCH/PRACH, this means that UCI/UL data/a random access signal is
transmitted on or through the PUCCH/PUSCH/PRACH. Further, if it is said that a gNB
transmits a PDCCH/PCFICH/PHICH/PDSCH, this means that DCl/control information is
transmitted on or through the PDCCH/PCFICH/PHICH/PDSCH.

[40] Hereinbelow, an orthogonal frequency division multiplexing (OFDM)
symbol/carrier/subcarrier/RE to which a CRS/IDMRS/CSI-RS/SRS/UE-RS is allocated to or
for which the CRS/DMRS/CSI-RS/SRS/UE-RS is configured is referred to as a
CRS/DMRS/CSI-RS/SRS/UE-RS symbol/carrier/subcarrier/RE. For example, an OFDM
symbol to which a tracking RS (TRS) is allocated or for which the TRS is configured is
referred to as a TRS symbol, a subcarrier to which a TRS is allocated or for which the TRS
is configured is referred to as a TRS subcarrier, and an RE to which a TRS is allocated or
for which the TRS is configured is referred to as a TRS RE. Further, a subframe configured
to transmit a TRS is referred to as a TRS subframe. Further, a subframe carrying a broadcast
signal is referred to as a broadcast subframe or a PBCH subframe, and a subframe carrying
a synchronization signal (SS) (e.g., a primary synchronization signal (PSS) and/or a
secondary synchronization signal (SSS)) is referred to as an SS subframe or a PSS/SSS
subframe. An OFDM symbol/subcarrier/RE to which a PSS/SSS is allocated or for which
the PSS/SSS is configured is referred to as a PSS/SSS symbol/subcarrier/RE.

[41] In the present disclosure, a CRS port, a UE-RS port, a CSI-RS port, and a TRS
port refer to an antenna port configured to transmit a CRS, an antenna port configured to
transmit a UE-RS, an antenna port configured to transmit a CSI-RS, and an antenna port
configured to transmit a TRS, respectively. Antenna port configured to transmit CRSs may

be distinguished from each other by the positions of REs occupied by the CRSs according



to CRS ports, antenna ports configured to transmit UE-RSs may be distinguished from each
other by the positions of REs occupied by the UE-RSs according to UE-RS ports, and
antenna ports configured to transmit CSI-RSs may be distinguished from each other by the
positions of REs occupied by the CSI-RSs according to CSI-RS ports. Therefore, the term
CRS/UE-RS/CSI-RS/TRS port is also used to refer to a pattern of REs occupied by a
CRS/UE-RS/CSI-RS/TRS in a predetermined resource area.

[42] FIG. 1 illustrates control-plane and user-plane protocol stacks in a radio
interface protocol architecture conforming to a 3GPP wireless access network standard
between a user equipment (UE) and an evolved UMTS terrestrial radio access network (E-
UTRAN). The control plane is a path in which the UE and the E-UTRAN transmit control
messages to manage calls, and the user plane is a path in which data generated from an
application layer, for example, voice data or Internet packet data is transmitted.

[43] A physical (PHY) layer at layer 1 (L1) provides information transfer service to
its higher layer, a medium access control (MAC) layer. The PHY layer is connected to the
MAC layer via transport channels. The transport channels deliver data between the MAC
layer and the PHY layer. Data is transmitted on physical channels between the PHY layers
of a transmitter and a receiver. The physical channels use time and frequency as radio
resources. Specifically, the physical channels are modulated in orthogonal frequency
division multiple access (OFDMA) for downlink (DL) and in single carrier frequency
division multiple access (SC-FDMA) for uplink (UL).

[44] The MAC layer at layer 2 (L2) provides service to its higher layer, a radio link
control (RLC) layer via logical channels. The RLC layer at L2 supports reliable data
transmission. RLC functionality may be implemented in a function block of the MAC layer.
A packet data convergence protocol (PDCP) layer at L2 performs header compression to
reduce the amount of unnecessary control information and thus efficiently transmit Internet
protocol (IP) packets such as IP version 4 (IPv4) or IP version 6 (IPv6) packets via an air
interface having a narrow bandwidth.

[45] A radio resource control (RRC) layer at the lowest part of layer 3 (or L3) is
defined only on the control plane. The RRC layer controls logical channels, transport
channels, and physical channels in relation to configuration, reconfiguration, and release of
radio bearers. A radio bearer refers to a service provided at L2, for data transmission
between the UE and the E-UTRAN. For this purpose, the RRC layers of the UE and the E-
UTRAN exchange RRC messages with each other. If an RRC connection is established
between the UE and the E-UTRAN, the UE is in RRC Connected mode and otherwise, the



UE is in RRC Idle mode. A Non-Access Stratum (NAS) layer above the RRC layer
performs functions including session management and mobility management.

[46] DL transport channels used to deliver data from the E-UTRAN to UEs include a
broadcast channel (BCH) carrying system information, a paging channel (PCH) carrying a
paging message, and a shared channel (SCH) carrying user traffic or a control message. DL
multicast traffic or control messages or DL broadcast traffic or control messages may be
transmitted on a DL SCH or a separately defined DL multicast channel (MCH). UL
transport channels used to deliver data from a UE to the E-UTRAN include a random access
channel (RACH) carrying an initial control message and a UL SCH carrying user traffic or
a control message. Logical channels that are defined above transport channels and mapped
to the transport channels include a broadcast control channel (BCCH), a paging control
channel (PCCH), a Common Control Channel (CCCH), a multicast control channel
(MCCH), a multicast traffic channel (MTCH), etc.

[47] FIG. 2 illustrates physical channels and a general method for transmitting
signals on the physical channels in the 3GPP system.

[48] Referring to FIG. 2, when a UE is powered on or enters a new cell, the UE
performs initial cell search (S201). The initial cell search involves acquisition of
synchronization to an eNB. Specifically, the UE synchronizes its timing to the eNB and
acquires a cell identifier (ID) and other information by receiving a primary synchronization
channel (P-SCH) and a secondary synchronization channel (S-SCH) from the eNB. Then
the UE may acquire information broadcast in the cell by receiving a physical broadcast
channel (PBCH) from the eNB. During the initial cell search, the UE may monitor a DL
channel state by receiving a DownLink reference signal (DL RS).

[49] After the initial cell search, the UE may acquire detailed system information by
receiving a physical downlink control channel (PDCCH) and receiving a physical downlink
shared channel (PDSCH) based on information included in the PDCCH (S202).

[50] If the UE initially accesses the eNB or has no radio resources for signal
transmission to the eNB, the UE may perform a random access procedure with the eNB
(S203 to S206). In the random access procedure, the UE may transmit a predetermined
sequence as a preamble on a physical random access channel (PRACH) (S203 and S205)
and may receive a response message to the preamble on a PDCCH and a PDSCH associated
with the PDCCH (S204 and S206). In the case of a contention-based RACH, the UE may

additionally perform a contention resolution procedure.



[51] After the above procedure, the UE may receive a PDCCH and/or a PDSCH
from the eNB (S207) and transmit a physical uplink shared channel (PUSCH) and/or a
physical uplink control channel (PUCCH) to the eNB (S208), which is a general DL and UL
signal transmission procedure. Particularly, the UE receives downlink control information
(DCI) on a PDCCH. Herein, the DCI includes control information such as resource
allocation information for the UE. Different DCI formats are defined according to different
usages of DCI.

[52] Control information that the UE transmits to the eNB on the UL or receives
from the eNB on the DL includes a DL/UL acknowledgment/negative acknowledgment
(ACK/NACK ) signal, a channel quality indicator (CQI), a precoding matrix index (PMI), a
rank indicator (RI), etc. In the 3GPP LTE system, the UE may transmit control information
such as a CQl, a PMI, an RI, etc. on a PUSCH and/or a PUCCH.

[53] FIG. 3 is a diagram illustrating a radio frame structure for transmitting a
synchronization signal (SS) in LTE system. In particular, FIG. 3 illustrates a radio frame
structure for transmitting an SS and PBCH in frequency division duplex (FDD). FIG. 3(a)
shows positions at which the SS and the PBCH are transmitted in a radio frame configured
by a normal cyclic prefix (CP) and FIG. 3(b) shows positions at which the SS and the
PBCH are transmitted in a radio frame configured by an extended CP.

[54] An SS will be described in more detail with reference to FIG. 3. An SS is
categorized into a primary synchronization signal (PSS) and an secondary synchronization
signal (SSS). The PSS is used to acquire time-domain synchronization such as OFDM
symbol  synchronization, slot synchronization, etc. and/or frequency-domain
synchronization. And, the SSS is used to acquire frame synchronization, a cell group 1D,
and/or a CP configuration of a cell (i.e. information indicating whether to a normal CP or an
extended is used). Referring to FIG. 4, a PSS and an SSS are transmitted through two
OFDM symbols in each radio frame. Particularly, the SS is transmitted in first slot in each
of subframe 0 and subframe 5 in consideration of a GSM (Global System for Mobile
communication) frame length of 4.6ms for facilitation of inter-radio access technology
(inter-RAT) measurement. Especially, the PSS is transmitted in a last OFDM symbol in
each of the first slot of subframe 0 and the first slot of subframe 5. And, the SSS is
transmitted in a second to last OFDM symbol in each of the first slot of subframe 0 and the
first slot of subframe 5. Boundaries of a corresponding radio frame may be detected through
the SSS. The PSS is transmitted in the last OFDM symbol of the corresponding slot and the
SSS is transmitted in the OFDM symbol immediately before the OFDM symbol in which



the PSS is transmitted. According to a transmission diversity scheme for the SS, only a
single antenna port is used. However, the transmission diversity scheme for the SS
standards is not separately defined in the current standard.

[55] Referring to FIG. 3, by detecting the PSS, a UE may know that a corresponding
subframe is one of subframe 0 and subframe 5 since the PSS is transmitted every 5ms but
the UE cannot know whether the subframe is subframe O or subframe 5. That is, frame
synchronization cannot be obtained only from the PSS. The UE detects the boundaries of
the radio frame in a manner of detecting an SSS which is transmitted twice in one radio
frame with different sequences.

[56] Having demodulated a DL signal by performing a cell search procedure using
the PSS/SSS and determined time and frequency parameters necessary to perform UL signal
transmission at an accurate time, a UE can communicate with an eNB only after obtaining
system information necessary for a system configuration of the UE from the eNB.

[57] The system information is configured with a master information block (MIB)
and system information blocks (SIBs). Each SIB includes a set of functionally related
parameters and is categorized into an MIB, SIB Type 1 (SIB1), SIB Type 2 (SIB2), and
SIB3 to SIB8 according to the included parameters.

[58] The MIB includes most frequently transmitted parameters which are essential
for a UE to initially access a network served by an eNB. The UE may receive the MIB
through a broadcast channel (e.g. a PBCH). The MIB includes a downlink system
bandwidth (DL BW), a PHICH configuration, and a system frame number (SFN). Thus, the
UE can explicitly know information on the DL BW, SFN, and PHICH configuration by
receiving the PBCH. On the other hand, the UE may implicitly know information on the
number of transmission antenna ports of the eNB. The information on the number of the
transmission antennas of the eNB is implicitly signaled by masking (e.g. XOR operation) a
sequence corresponding to the number of the transmission antennas to 16-bit cyclic
redundancy check (CRC) used in detecting an error of the PBCH.

[59] The SIB1 includes not only information on time-domain scheduling for other
SIBs but also parameters necessary to determine whether a specific cell is suitable in cell
selection. The UE receives the SIB1 via broadcast signaling or dedicated signaling.

[60] A DL carrier frequency and a corresponding system bandwidth can be obtained
by MIB carried by PBCH. A UL carrier frequency and a corresponding system bandwidth
can be obtained through system information corresponding to a DL signal. Having received

the MIB, if there is no valid system information stored in a corresponding cell, a UE applies
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a value of a DL BW included in the MIB to a UL bandwidth until system information block
type 2 (SystemInformationBlockType2, SIB2) is received. For example, if the UE obtains
the SIB2, the UE is able to identify the entire UL system bandwidth capable of being used
for UL transmission through UL-carrier frequency and UL-bandwidth information included
in the SIB2.

[61] In the frequency domain, PSS/SSS and PBCH are transmitted irrespective of an
actual system bandwidth in total 6 RBs, i.e., 3 RBs in the left side and 3 RBs in the right
side with reference to a DC subcarrier within a corresponding OFDM symbol. In other
words, the PSS/SSS and the PBCH are transmitted only in 72 subcarriers. Therefore, a UE
is configured to detect or decode the SS and the PBCH irrespective of a downlink
transmission bandwidth configured for the UE.

[62] Having completed the initial cell search, the UE can perform a random access
procedure to complete the accessing the eNB. To this end, the UE transmits a preamble via
PRACH (physical random access channel) and can receive a response message via PDCCH
and PDSCH in response to the preamble. In case of contention based random access, it may
transmit additional PRACH and perform a contention resolution procedure such as PDCCH
and PDSCH corresponding to the PDCCH.

[63] Having performed the abovementioned procedure, the UE can perform
PDCCH/PDSCH reception and PUSCH/PUCCH transmission as a general UL/DL signal
transmission procedure.

[64] The random access procedure is also referred to as a random access channel
(RACH) procedure. The random access procedure is used for various usages including
initial access, UL synchronization adjustment, resource allocation, handover, and the like.
The random access procedure is categorized into a contention-based procedure and a
dedicated (i.e., non-contention-based) procedure. In general, the contention-based random
access procedure is used for performing initial access. On the other hand, the dedicated
random access procedure is restrictively used for performing handover, and the like. When
the contention-based random access procedure is performed, a UE randomly selects a
RACH preamble sequence. Hence, a plurality of UEs can transmit the same RACH
preamble sequence at the same time. As a result, a contention resolution procedure is
required thereafter. On the contrary, when the dedicated random access procedure is
performed, the UE uses an RACH preamble sequence dedicatedly allocated to the UE by an
eNB. Hence, the UE can perform the random access procedure without a collision with a
different UE.

11



[65] The contention-based random access procedure includes 4 steps described in the
following. Messages transmitted via the 4 steps can be respectively referred to as message
(Msg) 1 to 4 in the present invention.

[66] - Step 1: RACH preamble (via PRACH) (UE to eNB)

[67] - Step 2: Random access response (RAR) (via PDCCH and PDSCH (eNB to)

[68] - Step 3: Layer 2/ Layer 3 message (via PUSCH) (UE to eNB)

[69] - Step 4: Contention resolution message (eNB to UE)

[70] On the other hand, the dedicated random access procedure includes 3 steps
described in the following. Messages transmitted via the 3 steps can be respectively referred
to as message (Msg) 0 to 2 in the present invention. It may also perform uplink transmission
(i.e., step 3) corresponding to PAR as a part of the ransom access procedure. The dedicated
random access procedure can be triggered using PDCCH (hereinafter, PDCCH order) which
is used for an eNB to indicate transmission of an RACH preamble.

[71] - Step 0: RACH preamble assignment via dedicated signaling (eNB to UE)

[72] - Step 1: RACH preamble (via PRACH) (UE to eNB)

[73] - Step 2: Random access response(RAR) (via PDCCH and PDSCH) (eNB to UE)

[74] After the RACH preamble is transmitted, the UE attempts to receive a random
access response (RAR) in a preconfigured time window. Specifically, the UE attempts to
detect PDCCH (hereinafter, RA-RNTI PDCCH) (e.g., a CRC masked with RA-RNTI in
PDCCH) having RA-RNTI (random access RNTI) in a time window. If the RA-RNTI
PDCCH is detected, the UE checks whether or not there is a RAR for the UE in PDSCH
corresponding to the RA-RNTI PDCCH. The RAR includes timing advance (TA)
information indicating timing offset information for UL synchronization, UL resource
allocation information (UL grant information), a temporary UE identifier (e.g., temporary
cell-RNTI, TC-RNTI), and the like. The UE can perform UL transmission (e.g., message 3)
according to the resource allocation information and the TA value included in the RAR.
HARQ is applied to UL transmission corresponding to the RAR. In particular, the UE can
receive reception response information (e.g., PHICH) corresponding to the message 3 after
the message 3 is transmitted.

[75] A random access preamble (i.e. RACH preamble) consists of a cyclic prefix of a
length of TCP and a sequence part of a length of TSEQ. The TCP and the TSEQ depend on
a frame structure and a random access configuration. A preamble format is controlled by
higher layer. The RACH preamble is transmitted in a UL subframe. Transmission of the

random access preamble is restricted to a specific time resource and a frequency resource.
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The resources are referred to as PRACH resources. In order to match an index 0 with a PRB
and a subframe of a lower number in a radio frame, the PRACH resources are numbered in
an ascending order of PRBs in subframe numbers in the radio frame and frequency domain.
Random access resources are defined according to a PRACH configuration index (refer to
3GPP TS 36.211 standard document). The RACH configuration index is provided by a
higher layer signal (transmitted by an eNB).

[76] In the LTE/LTE-A system, a subcarrier spacing for a random access preamble
(i.e., RACH preamble) is regulated by 1.25 kHz and 7.5 kHz for preamble formats O to 3
and a preamble format 4, respectively (refer to 3GPP TS 36.211).

[77]

[78] <OFDM Numerology>

[79] A New RAT system adopts an OFDM transmission scheme or a transmission

scheme similar to the OFDM transmission scheme. The New RAT system may use different
OFDM parameters from LTE OFDM parameters. Or the New RAT system may follow the
numerology of legacy LTE/LTE-A but have a larger system bandwidth (e.g., 100MHz). Or
one cell may support a plurality of numerologies. That is, UEs operating with different
numerologies may co-exist within one cell.

[80]

[81] <Subframe Structure>

[82] In the 3GPP LTE/LTE-A system, a radio frame is 10ms(307200T;) long,

including 10 equal-size subframes (SFs). The 10 SFs of one radio frame may be assigned

numbers. Ts represents a sampling time and is expressed as Ts=1/(2048*15kHz). Each SF is
1ms, including two slots. The 20 slots of one radio frame may be sequentially numbered
from O to 19. Each slot has a length of 0.5ms. A time taken to transmit one SF is defined as
a transmission time interval (TTI). A time resource may be distinguished by a radio frame
number (or radio frame index), an SF number (or SF index), a slot number (or slot index),
and so on. A TTI refers to an interval in which data may be scheduled. In the current
LTE/LTE-A system, for example, there is a UL grant or DL grant transmission opportunity
every 1ms, without a plurality of UL/DL grant opportunities for a shorter time than 1ms.
Accordingly, a TTl is Ims in the legacy LTE/LTE-A system.

[83] FIG. 4 illustrates an exemplary slot structure available in the new radio access
technology (NR).
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[84] To minimize a data transmission delay, a slot structure in which a control
channel and a data channel are multiplexed in time division multiplexing (TDM) is
considered in 5" generation (5G) NR.

[85] In FIG. 4, an area marked with slanted lines represents a transmission region of
a DL control channel (e.g., PDCCH) carrying DCI, and a black part represents a
transmission region of a UL control channel (e.g., PUCCH) carrying UCI. DCI is control
information that a gNB transmits to a UE, and may include information about a cell
configuration that a UE should know, DL-specific information such as DL scheduling, and
UL-specific information such as a UL grant. Further, UCI is control information that a UE
transmits to a gNB. The UCI may include an HARQ ACK/NACK report for DL data, a CSI
report for a DL channel state, a scheduling request (SR), and so on.

[86] In FIG. 4, symbols with symbol index 1 to symbol index 12 may be used for
transmission of a physical channel (e.g., PDSCH) carrying DL data, and also for
transmission of a physical channel (e.g., PUSCH) carrying UL data. According to the slot
structure illustrated in FIG. 2, as DL transmission and UL transmission take place
sequentially in one slot, transmission/reception of DL data and reception/transmission of a
UL ACK/NACK for the DL data may be performed in the one slot. As a consequence, when
an error is generated during data transmission, a time taken for a data retransmission may be
reduced, thereby minimizing the delay of a final data transmission.

[87] In this slot structure, a time gap is required to allow a gNB and a UE to switch
from a transmission mode to a reception mode or from the reception mode to the
transmission mode. For the switching between the transmission mode and the reception
mode, some OFDM symbol corresponding to a DL-to-UL switching time is configured as a
guard period (GP) in the slot structure.

[88] In the legacy LTE/LTE-A system, a DL control channel is multiplexed with a
data channel in TDM, and a control channel, PDCCH is transmitted distributed across a
total system band. In NR, however, it is expected that the bandwidth of one system will be
at least about 100MHz, which makes it inviable to transmit a control channel across a total
band. If a UE monitors the total band to receive a DL control channel, for data
transmission/reception, this may increase the battery consumption of the UE and decrease
efficiency. Therefore, a DL control channel may be transmitted localized or distributed in
some frequency band within a system band, that is, a channel band in the present disclosure.

[89] Inthe NR system, a basic transmission unit is a slot. A slot duration includes 14

symbols each having a normal cyclic prefix (CP), or 12 symbols each having an extended
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CP. Further, a slot is scaled in time by a function of a used subcarrier spacing. That is, as
the subcarrier spacing increases, the length of a slot decreases. For example, given 14
symbols per slot, if the number of slots in a 10-ms frame is 10 for a subcarrier spacing of
15kHz, the number of slots is 20 for a subcarrier spacing of 30kHz, and 40 for a subcarrier
spacing of 60kHz. As the subcarrier spacing increases, the length of an OFDM symbol
decreases. The number of OFDM symbols per slot is different depending on the normal CP
or the extended CP, and does not change according to a subcarrier spacing. The basic time
unit for LTE, Ty is defined as 1/(15000*%2048) seconds, in consideration of the basic 15-kHz
subcarrier spacing and a maximum FFT size of 2048. Ts is also a sampling time for the 15-
kHz subcarrier spacing. In the NR system, many other subcarrier spacings than 15kHz are
available, and since a subcarrier spacing is inversely proportional to a corresponding time
length, an actual sampling time Ts corresponding to subcarrier spacings larger than 15kHz
becomes shorter than 1/(15000*2048) seconds. For example, the actual sampling time for
the subcarrier spacings of 30kHz, 60kHz, and 120kHz may be 1/(2*15000*2048) seconds,
1/(4*15000*2048) seconds, and 1/(8*15000*2048) seconds, respectively.
[90]

[91] <Analog Beamforming>

[92] For a 5G mobile communication system under discussion, a technique of using
an ultra-high frequency band, that is, a millimeter frequency band at or above 6GHz is
considered in order to transmit data to a plurality of users at a high transmission rate in a
wide frequency band. The 3GPP calls this technique NR, and thus a 5G mobile
communication system will be referred to as an NR system in the present disclosure.
However, the millimeter frequency band has the frequency property that a signal is
attenuated too rapidly according to a distance due to the use of too high a frequency band.
Accordingly, the NR system using a frequency band at or above at least 6GHz employs a
narrow beam transmission scheme in which a signal is transmitted with concentrated energy
in a specific direction, not omni-directionally, to thereby compensate for the rapid
propagation attenuation and thus overcome the decrease of coverage caused by the rapid
propagation attenuation. However, if a service is provided by using only one narrow beam,
the service coverage of one gNB becomes narrow, and thus the gNB provides a service in a
wideband by collecting a plurality of narrow beams.

[93] As a wavelength becomes short in the millimeter frequency band, that is,
millimeter wave (mmW) band, it is possible to install a plurality of antenna elements in the

same area. For example, a total of 100 antenna elements may be installed at (wavelength)
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intervals of 0.5 lamda in a 30-GHz band with a wavelength of about 1cm in a two-
dimensional (2D) array on a 5 by 5cm panel. Therefore, it is considered to increase
coverage or throughput by increasing a beamforming gain through use of a plurality of
antenna elements in mmWw.

[94] To form a narrow beam in the millimeter frequency band, a beamforming
scheme is mainly considered, in which a gNB or a UE transmits the same signals with
appropriate phase differences through multiple antennas, to thereby increase energy only in
a specific direction. Such beamforming schemes include digital beamforming for generating
a phase difference between digital baseband signals, analog beamforming for generating a
phase difference between modulated analog signals by using a time delay (i.e., a cyclic
shift), and hybrid beamforming using both digital beamforming and analog beamforming. If
a TXRU is provided per antenna element to enable control of transmission power and a
phase per antenna, independent beamforming per frequency resource is possible. However,
installation of TXRUs for all of about 100 antenna elements is not effective in terms of cost.
That is, to compensate for rapid propagation attenuation in the millimeter frequency band,
multiple antennas should be used, and digital beamforming requires as many RF
components (e.g., digital to analog converters (DACs), mixers, power amplifiers, and linear
amplifiers) as the number of antennas. Accordingly, implementation of digital beamforming
in the millimeter frequency band faces the problem of increased cost of communication
devices. Therefore, in the case where a large number of antennas are required as in the
millimeter frequency band, analog beamforming or hybrid beamforming is considered. In
analog beamforming, a plurality of antenna elements are mapped to one TXRU, and the
direction of a beam is controlled by an analog phase shifter. A shortcoming with this analog
beamforming scheme is that frequency selective beamforming (BF) cannot be provided
because only one beam direction can be produced in a total band. Hybrid BF stands between
digital BF and analog BF, in which B TXRUs fewer than Q antenna elements are used. In
hybrid BF, the directions of beams transmittable at the same time is limited to or below B
although the number of beam directions is different according to connections between B
TXRUs and Q antenna elements.

[95] FIG. 5 is a view illustrating exemplary connection schemes between TXRUs
and antenna elements.

[96] (@) of FIG. 5 illustrates connection between a TXRU and a sub-array. In this
case, an antenna element is connected only to one TXRU. In contrast, (b) of FIG. 5

illustrates connection between a TXRU and all antenna elements. In this case, an antenna
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element is connected to all TXRUs. In FIG. 5, W represents a phase vector subjected to
multiplication in an analog phase shifter. That is, a direction of analog beamforming is
determined by W. Herein, CSI-RS antenna ports may be mapped to TXRUSs in a one-to-one
or one-to-many correspondence.

[97] As mentioned before, since a digital baseband signal to be transmitted or a
received digital baseband signal is subjected to a signal process in digital beamforming, a
signal may be transmitted or received in or from a plurality of directions on multiple beams.
In contrast, in analog beamforming, an analog signal to be transmitted or a received analog
signal is subjected to beamforming in a modulated state. Thus, signals cannot be transmitted
or received simultaneously in or from a plurality of directions beyond the coverage of one
beam. A gNB generally communicates with multiple users at the same time, relying on the
wideband transmission or multiple antenna property. If the gNB uses analog BF or hybrid
BF and forms an analog beam in one beam direction, the gNB has no way other than to
communicate only with users covered in the same analog beam direction in view of the
nature of analog BF. A later-described RACH resource allocation and gNB resource
utilization scheme according to the present invention is proposed by reflecting limitations
caused by the nature of analog BF or hybrid BF.

[98]

[99] <Hybrid Analog Beamforming>

[100] FIG. 6 abstractly illustrates a hybrid beamforming structure in terms of TXRUs
and physical antennas.

[101] For the case where multiple antennas are used, hybrid BF with digital BF and
analog BF in combination has emerged. Analog BF (or RF BF) is an operation of
performing precoding (or combining) in an RF unit. Due to precoding (combining) in each
of a baseband unit and an RF unit, hybrid BF offers the benefit of performance close to the
performance of digital BF, while reducing the number of RF chains and the number of
DACs (or analog to digital converters (ADCs). For the convenience’ sake, a hybrid BF
structure may be represented by N TXRUs and M physical antennas. Digital BF for L data
layers to be transmitted by a transmission end may be represented as an N-by-N matrix, and
then N converted digital signals are converted to analog signals through TXRUs and
subjected to analog BF represented as an M-by-N matrix. In FIG. 6, the number of digital
beams is L, and the number of analog beams is N. Further, it is considered in the NR system
that a gNB is configured to change analog BF on a symbol basis so as to more efficiently

support BF for a UE located in a specific area. Further, when one antenna panel is defined
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by N TXRUs and M RF antennas, introduction of a plurality of antenna panels to which
independent hybrid BF is applicable is also considered. As such, in the case where a gNB
uses a plurality of analog beams, a different analog beam may be preferred for signal
reception at each UE. Therefore, a beam sweeping operation is under consideration, in
which for at least an SS, system information, and paging, a gNB changes a plurality of
analog beams on a symbol basis in a specific slot or SF to allow all UEs to have reception
opportunities.

[102] FIG. 7 is a view illustrating beam sweeping for an SS and system information
during DL transmission. In FIG. 7, physical resources or a physical channel which
broadcasts system information of the New RAT system is referred to as an xXPBCH. Analog
beams from different antenna panels may be transmitted simultaneously in one symbol, and
introduction of a beam reference signal (BRS) transmitted for a single analog beam
corresponding to a specific antenna panel as illustrated in FIG. 7 is under discussion in
order to measure a channel per analog beam. BRSs may be defined for a plurality of
antenna ports, and each antenna port of the BRSs may correspond to a single analog beam.
Unlike the BRSs, the SS or the xPBCH may be transmitted for all analog beams included in
an analog beam group so that any UE may receive the SS or the xPBCH successfully.

[103] FIG. 8 is a view illustrating an exemplary cell in the NR system.

[104] Referring to FIG. 8, compared to a wireless communication system such as
legacy LTE in which one eNB forms one cell, configuration of one cell by a plurality of
TRPs is under discussion in the NR system. If a plurality of TRPs form one cell, even
though a TRP serving a UE is changed, seamless communication is advantageously possible,
thereby facilitating mobility management for UES.

[105] Compared to the LTE/LTE-A system in which a PSS/SSS is transmitted omni-
directionally, a method for transmitting a signal such as a PSS/SSS/PBCH through BF
performed by sequentially switching a beam direction to all directions at a gNB applying
mmWave is considered. The signal transmission/reception performed by switching a beam
direction is referred to as beam sweeping or beam scanning. In the present disclosure,
“beam sweeping” is a behavior of a transmission side, and “beam scanning” is a behavior of
a reception side. For example, if up to N beam directions are available to the gNB, the gNB
transmits a signal such as a PSS/SSS/PBCH in the N beam directions. That is, the gNB
transmits an SS such as the PSS/SSS/PBCH in each direction by sweeping a beam in
directions available to or supported by the gNB. Or if the gNB is capable of forming N
beams, the beams may be grouped, and the PSS/SSS/PBCH may be transmitted/received on
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a group basis. One beam group includes one or more beams. Signals such as the
PSS/SSS/PBCH transmitted in the same direction may be defined as one SS block (SSB),
and a plurality of SSBs may exist in one cell. If a plurality of SSBs exist, an SSB index may
be used to identify each SSB. For example, if the PSS/SSS/PBCH is transmitted in 10 beam
directions in one system, the PSS/SSS/PBCH transmitted in the same direction may form an
SSB, and it may be understood that 10 SSBs exist in the system. In the present disclosure, a
beam index may be interpreted as an SSB index.

[106]

[107] Now, a description will be given of a method of generating an SS, and a method
of indicating a time index such as an SS index and a half frame index.

[108]

[109] 1. SS Block Configuration

[110] If the maximum size of payload of the PBCH is 80 bits, a total of four OFDM
symbols may be used for transmission of an SS block. Meanwhile, there is a need for
discussing the time positions of an NR-PSS, an NR-SSS, and an NR-PBCH included in an
SSB. In an initial access state, the NR-PBCH may be used as a reference signal for accurate
time/frequency tracking. To increase tracking accuracy, it is efficient to separate two
OFDM symbols for the NR-PBCH as far as possible. Therefore, the first and fourth OFDM
symbols of the SSB may be used for transmission of the NR-PBCH. Accordingly, the
second OFDM symbol may be allocated to the NR-PSS, and the third OFDM symbol may
be used for the NR-SSS.

[111]

[112] The results of measuring PBCH decoding performance according to the number
of REs for DMRSs reveal that if two OFDM symbols are allocated to the PBCH, 192 REs
may be used for DMRSs, and 384 REs may be used for data. In this case, on the assumption
that the PBCH payload size is 64 bits, a 1/12 coding speed equal to that of an LTE PBCH
may be achieved.

[113]

[114] A method for mapping encoded NR-PBCH bits to REs in a PBCH symbol may
be considered. However, this method has a shortcoming in interference and decoding
performance. On the other hand, if the encoded NR-PBCH bits are mapped across REs
included in N PBCH symbols, this method may have better performance in interference and

decoding performance.
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[115] Meanwhile, a comparison between bits encoded in the same method in two
OFDM symbols and bits encoded in different methods in two OFDM symbols reveals that
the latter offers better performance because the encoded bits have more redundant bits.
Accordingly, it may be considered to use bits encoded in different methods in two OFDM
symbols.

[116]

[117] In addition, a plurality of numerologies are supported in the NR system.
Therefore, a numerology for SSB transmission may be different from a numerology for data
transmission. Further, if different types of channels such as the PBCH and the PDSCH are
multiplexed in the frequency domain, spectral emission may bring about inter-carrier
interference (ICI) and thus performance degradation. To solve the problem, a guard
frequency may be introduced between the PBCH and the PDSCH. Further, to reduce the
effect of ICI, a network may allocate data RBs such that the data RBs are not adjacent to
each other.

[118] However, the foregoing method is not efficient in that a large number of REs
should be reserved as a guard frequency. Thus, it may be more efficient to reserve one or
more subcarriers at an edge as a guard frequency within a PBCH transmission bandwidth.
The accurate number of reserved REs may be changed according to the subcarrier spacing
of the PBCH. For example, for the 15-kHz subcarrier spacing for PBCH transmission, two
subcarriers may be reserved at each edge of the PBCH transmission bandwidth. On the
other hand, for the 30-kHz subcarrier spacing for PBCH transmission, one subcarrier may
be reserved.

[119]

[120] Referring to FIG. 9(a), the NR-PBCH is allocated within 288 REs which form
24 RBs. Meanwhile, since the sequence of the NR-PSS/NR-SSS is of length 127, 12 RBs
are required to transmit the NR-PSS/NR-SSS. That is, when an SSB is configured, the SSB
is allocated in 24 RBs. Further, it is also preferred to allocate the SSB in 24 RBs for RB grid
alignment between different numerologies such as 15, 30, and 60kHz. Further, since a
minimum bandwidth of 5MHz in which 25 RBs can be defined with the 15-kHz subcarrier
spacing is assumed in NR, 24 RBs are used for SSB transmission. In addition, the NR-
PSS/SSS should be positioned in the middle of the SSB, which may imply that the NR-
PSS/SSS is allocated in 7" to 18" RBs.

[121] Meanwhile, if an SSB is configured as illustrated in FIG. 9(a), a problem may

occur to an automatic gain control (AGC) operation of a UE at subcarrier spacings of
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120kHz and 240kHz. That is, for the subcarrier spacings of 120kHz and 240kHz, the NR-
PSS may not be detected successfully due to the AGC operation. In this context, it may be
considered to change the SSB configuration in the following two embodiments.

[122] (Method 1) PBCH-PSS-PBCH-SSS

[123] (Method 2) PBCH-PSS-PBCH-SSS-PBCH

[124] That is, PBCH symbols may be positioned at the start of the SSB, and used as
dummy symbols for the AGC operation, so that the UE performs the AGC operation more
reliably.

[125] Meanwhile, the NR-PSS/NR-SSS/NR-PBCH may be allocated as illustrated in
FIG. 9(b). that is, the NR-PSS may be allocated to symbol 0, and the NR-SSS may be
allocated to symbol 2. The NR-PBCH may be allocated to symbol 1 to symbol 3. Herein,
symbol 1 and symbol 3 may be dedicated to the NR-PBCH. In other words, only the NR-
PBCH may be mapped to symbol 1 and symbol 3, and the NR-SSS and the NR-PBCH may
be mapped together to symbol 2.

[126]

[127] 2. SS Burst Set Configuration

[128] FIG. 10 illustrates SS burst sets configured at a subcarrier spacing of 120kHz
and a subcarrier spacing of 240kHz, respectively. Referring to FIG. 10, for the subcarrier
spacings of 120kHz and 240kHz, SS bursts are configured with a predetermined gap every
four SS bursts. That is, SSBs are arranged with a 0.125-ms symbol period for UL
transmission emptied every 0.5ms.

[129] However, a subcarrier spacing of 60kHz may be used for data transmission in a
frequency band at or above 6GHz. That is, as illustrated in FIG. 11, the 60-kHz subcarrier
spacing for data transmission and the 120-kHz subcarrier spacing or 240kHz for SSB
transmission may be multiplexed in NR.

[130] Meanwhile, it can be seen from a part marked with a square in FIG. 11 that as
an SSB with the 120-kHz subcarrier spacing is multiplexed with data with the 60-kHz
subcarrier spacing, the SSB with the 120-kHz subcarrier spacing, and a GP and a DL
control region with the 60-kHz subcarrier spacing collide or overlap with each other. Since
the collision between the SSB and the DL/UL control region should preferably be avoided,
the configurations of an SS burst and an SS burst set need to be modified.

[131] In the present disclosure, two embodiments are proposed to modify the SS burst

configuration in order to avert the above problem.
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[132] One of the embodiments is to change the positions of SS burst format 1 and SS
burst format 2 as illustrated in FIG. 12. That is, SS burst format 1 and SS burst format 2 in
the square box illustrated in FIG. 11 are exchanged as illustrated in FIG. 12, to prevent
collision between the SSB and the DL/UL control region. In other words, SS burst format 1
is positioned at the start of a slot with the 60-kHz subcarrier spacing, and SS burst format 2
is positioned at the end of the slot with the 60-kHz subcarrier spacing.

[133] The above embodiment may be summarized as follows.

[134] 1) 120-kHz Subcarrier Spacing

[135] — The first OFDM symbols of candidate SSBs have indexes {4, 8, 16, 20, 32, 36,
44, 48}+70*n. For carrier frequencies larger than 6GHz, n=0, 2, 4, 6.

[136] — The first OFDM symbols of candidate SSBs have indexes {2, 6, 18, 22, 30, 34,
46, 50}+70*n. For carrier frequencies larger than 6GHz, n=1, 3, 5, 7.

[137]

[138] 2) 240-kHz Subcarrier Spacing

[139] — The first OFDM symbols of candidate SSBs have indexes {8, 12, 16, 20, 32,,
36, 40, 44, 64, 68, 72, 76, 88, 92, 96, 100}+140*n. For carrier frequencies larger than 6GHz,
n=0, 2.

[140] — The first OFDM symbols of candidate SSBs have indexes {4, 8, 12, 16, 36, 40,
44, 48, 60, 64, 68, 72, 92, 96, 100, 104}+140*n. For carrier frequencies larger than 6GHz,
n=1, 3.

[141]

[142] The other embodiment is to change the SS burst set configuration, as illustrated
in FIG. 13. That is, the SS burst set may be configured such that the start boundary of the
SS burst set is aligned with, that is, matches the start boundary of a slot with the 60-kHz
subcarrier spacing.

[143] Specifically, an SS burst is configured with SSBs localized for 1ms. Therefore,
an SS burst with the 120-kHz subcarrier spacing has 16 SSBs for 1ms, and an SS burst with
the 240-kHz subcarrier spacing has 32 SSBs for 1ms. If an SS burst is configured in this
manner, one slot is allocated as a gap between SS bursts, with respect to the 60-kHz
subcarrier spacing.

[144] The second embodiment is summarized as follows.

[145]

[146] 1) 120-kHz Subcarrier Spacing
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[147] — The first OFDM symbols of candidate SSBs have indexes {4, 8, 16, 20}+28*n.
For carrier frequencies larger than 6GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17,
18.

[148]

[149] 2) 240-kHz Subcarrier Spacing

[150] — The first OFDM symbols of candidate SSBs have indexes {8, 12, 16, 20, 32,
36, 40, 44}+56*n. For carrier frequencies larger than 6GHz, n=0, 1, 2, 3, 5, 6, 7, 8.

[151]

[152] 3. Method for Indicating Actual Transmitted SS/PBCH Block Within 5-ms
Period

[153] Meanwhile, the number of candidates for SSB transmission may be limited
according to a network environment. For example, the number of candidates may be
different according to a subcarrier spacing at which an SSB is arranged. In this case, the
position of an actual transmitted SSB may be indicated to a CONNECTED/IDLE-mode UE.
Herein, an actual transmitted SS/PBCH block indication indicating the position of an actual
transmitted SSB may be used for the purpose of resource utilization, for example, rate
matching for a serving cell, and for the purpose of measurement of corresponding resources,
for a neighbor cell.

[154] Regarding the serving cell, if a UE can accurately determine a non-transmitted
SSB, the UE may determine that other information such as paging or data may be received
in candidate resources of the non-transmitted SSB. For this resource flexibility, an SSB
actually transmitted in the serving cell needs to be accurately indicted.

[155] That is, since other information such as paging or data may not be received in
resources carrying an SSB, the UE needs to know an SSB candidate which is not actually
transmitted in order to increase the efficiency of resource utilization by receiving other data
or signals in the non-transmitted SSB.

[156] Thus, a 4-, 8- or 64-bit full bitmap is required to accurately indicate an SSB that
is actually transmitted in a serving cell. The number of bits included in the bitmap may be
determined according to the maximum number of SSBs transmittable in each frequency
range. For example, in order to indicate an SSB actually transmitted in a 5-ms period, 8 bits
are required in a frequency range of 3GHz to 6GHz, and 64 bits are required in a frequency
range at or above 6GHz.

[157] Bits used to indicate an SSB actually transmitted in a serving cell may be

defined by remaining minimum system information (RMSI) or other system information
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(OSI), and the RMSI/OSI includes configuration information for data or paging. The actual
transmitted SS/PBCH block indication is associated with a DL resource configuration, and
thus it may be concluded that the RMSI/OSI includes information about an actual
transmitted SSB.

[158] Meanwhile, an actual transmitted SS/PBCH block indication of a neighbor cell
may be required to measure the neighbor cell. That is, for the neighbor cell measurement,
time synchronization information about the neighbor cell needs to be acquired. In the case
where the NR system is designed such that asynchronous transmission between TRPs is
allowed, even though time synchronization information about a neighbor cell is known, the
accuracy of the information may vary with a situation. Accordingly, when time information
about a neighbor cell is indicated, the unit of the time information needs to be determined as
information valid to a UE, while asynchronous transmission between TRPs is assumed.

[159] However, if too many cells are listed, the full bitmap-type indicator is likely to
increase signaling overhead too much. Therefore, an indicator compressed in various
manners may be considered to decrease signaling overhead. Meanwhile, an indicator for an
SSB transmitted in a serving cell may also be compressed in order to reduce signaling
overhead as well as measure a neighbor cell. In other words, the following SS block
indicator may be used to indicate actual transmitted SSBs in the neighbor cell and the
serving cell. Further, according to the above description, although an SS burst may be a set
of SSBs included in one slot on each subcarrier, an SS burst may mean an SSB group
including a predetermined number of SSBs irrespective of slots, only in the following
embodiments.

[160] Referring to FIG. 14, in one of the embodiments, if an SS burst includes 8 SSBs,
a total of 8 SS bursts may exist in a band at or above 6GHz in which 64 SSBs are available.

[161] SSBs are grouped into SS bursts in order to compress a 64-bit bitmap. Instead of
the 64-bit bitmap, 8-bit information may be used to indicate an SS burst including an actual
transmitted SSB. If the 8-bit bitmap indicates SS burst #0, SS burst #0 may include one or
more actual transmitted SSBs.

[162] Herein, additional information may be considered to additionally indicate the
number of SSBs transmitted per SS burst. As many SSBs as indicated by the additional
information may exist locally in each SS burst.

[163] Therefore, a UE may estimate an actual transmitted SSB by considering the
number of actual transmitted SSBs per SS burst, indicated by the additional information,

and the bitmap indicating an SS burst including the actual transmitted SSBs in combination.
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[164] For example, indications in the following Table 1 may be assumed.
[165] [Table 1]

[166]
The number of
& bit bitmap actually
(55/PBCH burst | transmitted SS/PBCH Full bitmap
unit) block per SS/PBCH

burst unit

(111100007 (11110000) (00000000 (00000000)

11600001 4 o ) ,
{00GO000G) (00000000) (000CO00G) (11110000)

[167] That is, according to [Table 1], it may be determined from the 8-bit bitmap that
SSBs are included in SS burst #0, SS burst #1, and SS burst #7, and it may be determined
from the additional information that four SSBs are included in each SS burst. Therefore, it
may be estimated that SSBs are transmitted at four candidate positions before SS burst #0,
SS burst #1, and SS burst #7.

[168] Meanwhile, unlike the above example, the additional information may also be
transmitted in the form of a bitmap, thereby achieving flexibility in SSB transmission
positions.

[169] For example, information related to SS burst transmission may be indicated by a
bitmap, and an SSB transmitted in an SS burst may be indicated by other bits.

[170] That is, the total of 64 SSBs are divided into 8 SS bursts (i.e., SSB groups), and
a used SS burst may be indicated to the UE by an 8-bit bitmap. If an SS burst is defined as
illustrated in FIG. 14, if the SS burst is multiplexed with a slot with the 60-kHz subcarrier
spacing, the SS burst is advantageously aligned with the boundary of a slot with the 60-kHz
subcarrier spacing. Therefore, if it is indicated by the bitmap whether an SS burst is used,
the UE may determine whether an SSB is transmitted or not, on a slot basis for every
subcarrier spacing in a frequency band at or above 6GHz.

[171] The difference from the foregoing example lies in that the additional
information is indicated in the form of a bitmap. In this case, since bitmap information
should be transmitted for 8 SSBs included in each SS burst, 8 bits are needed, and the
corresponding additional information applies commonly to all SS bursts. For example, if it
is indicated by bitmap information for SS bursts that SS burst #0 and SS burst #1 are used,
and it is indicated by additional bitmap information for SSBs that the first and fifth SSBs
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are transmitted in an SSB, the first and fifth SSBs in both of SS burst #0 and SS burst #1 are
transmitted, and thus the total number of actual transmitted SSBs is 4.

[172] Meanwhile, some neighbor cells may not be included in a cell list. The neighbor
cells that are not included in the cell list use a default format for actual transmitted SSBs.
Due to the use of the default format, the UE may measure the neighbor cells which are not
included in the list. The default format may be predefined or configured by the network.

[173] Meanwhile, if actual transmitted SSB information transmitted in the serving cell
does not match actual transmitted SSB information transmitted in the neighbor cell, the UE
may acquire the actual transmitted SSB information by giving priority to the actual
transmitted SSB information transmitted in the serving cell.

[174] That is, if actual transmitted SSB information is received in the form of a full
bitmap and in the form of grouping, the information in the form of the full bitmap is likely
to be more accurate, and thus the information of the full bitmap may be used with priority in
SSB reception.

[175]

[176] 4. Signal and Channel for Time Index Indication

[177] An SSB time index indication is delivered on the NR-PBCH. If the time index
indication is included in a part of the NR-PBCH, such as NR-PBCH contents, a scrambling
sequence, a CRC, or a redundancy version, the indication is transmitted safely to the UE.
However, if the time index indication is included in the part of the NR-PBCH, the
complexity of decoding of a neighbor cell NR-PBCH is added. Meanwhile, although
decoding of an NR-PBCH from a neighbor cell is possible, the decoding is not mandatory in
designing a system. Further, which signal and channel are suitable for delivering the SSB
time index indication needs additional discussion.

[178] Because SSB time index information will be used as reference information for
time resource allocation to an initial access-related channel/signal such as system
information or a PRACH preamble in a target cell, the SSB time index information should
be transmitted safely to the UE. Meanwhile, a time index is used in RSRP measurement at
an SSB level, for the purpose of neighbor cell measurement. In this case, there may be no
need for very accurate SSB time index information.

[179] In the present disclosure, it is proposed that an NR-PBCH DMRS is used as a
signal carrying an SSB time index. Further, it is proposed that a time index indication is
included in a part of the NR-PBCH. The part of the NR-PBCH may be, for example, the

scrambling sequence, the redundancy version, or the like of the NR-PBCH.
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[180] According to the present disclosure, an SSB time index may be detected from
the NR-PBCH DMRS, and the detected index may be identified by NR-PBCH decoding.
Further, an index may be acquired from an NR-PBCH DMRS of a neighbor cell, for the
purpose of neighbor cell measurement.

[181] The time index indication may be configured in the following two embodiments.

[182] (Method 1) A single index method in which every SSB in an SS burst set is
indexed.

[183] (Method 2) A multi-index method in which an index is assigned by a
combination of an SS burst index and an SSB index.

[184] If a single index method such as Method 1 is supported, a large number of bits
are required to represent all SSBs within an SS burst set period. In this case, the DMRS
sequence and scrambling sequence of the NR-PBCH preferably indicate an SSB indication.

[185] On the other hand, if a multi-index method such as Method 2 is used, design
flexibility for the index indication may be provided. For example, both an SS burst index
and an SSB index may be included in a single channel. Further, each index may be
transmitted individually in a different channel/signal. For example, an SS burst index may
be included in the contents or scrambling sequence of the NR-PBCH, whereas an SSB
index may be delivered in the DMRS sequence of the NR-PBCH.

[186]

[187] Meanwhile, the maximum number of SSBs in a configured SS burst is changed
according to a carrier frequency range. That is, the maximum number of SSBs is 8 in a
frequency range at or below 6GHz, and 64 in a frequency range between 6GHz and
52.6GHz.

[188] Therefore, the number of bits required to indicate an SSB or the number of
states required to indicate an SSB may vary according to a carrier frequency range.
Accordingly, it may be considered to apply one of Method 1 and Method 2 according to a
carrier frequency range. For example, the single index method may be applied at or below
6GHSs, and the multi-index method may be used at or above 6GHz.

[189]

[190] To describe in more detail, an SSB time index may be determined by the PBCH
DMRS in the frequency range at or below 6GHz. In this case, up to 8 states should be
identified by the PBCH DMRS sequence. That is, 3 bits are required for the SSB time index.
Further, a 5ms boundary (a half time indicator) may be indicated by the PBCH DMRS

sequence. In this case, a total of 16 states are required to indicate the DMRS-based SSB
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time index and the 5ms boundary. In other words, in addition to 3 bits for the SSB time
index, 1 bit is additionally required to indicate the 5ms boundary. Further, there is no need
for defining bits for an SSB time index in the PBCH contents, in the frequency range at or
below 6GHz.

[191] Meanwhile, if the bits for indicating an SSB time index is transmitted in the
NR-PBCH DMRS, decoding performance is better than in the PBCH contents. Further, if an
additional signal is defined to indicate the SSB time index, the additional signal incurs
signaling overhead. Since the NR-PBCH DMRS is an already defined sequence in the NR
system, the NR-PBCH DMRS does not cause additional signaling overhead, thus
preventing excessive signaling overhead.

[192]

[193] Meanwhile, in the frequency range at or above 6GHz, a part of the SSB time
index may be indicated by the PBCH DMRS, whereas the remaining part of the SSB time
index may be indicated by the PBCH contents. For example, to indicate a total of 64 SSB
indexes, SSBs may be grouped into up 8 SSB groups in an SS burst set, each SSB group
including up to 8 SSBs. In this case, 3 bits for indicating an SSB group may be defined in
the PBCH contents, and an SSB time index within the SSB group may be defined by the
PBCH DMRS sequence. In addition, if a synchronization network may be assumed in the
frequency range at or above 6GHz in the NR system, there is no need for performing a
PBCH decoding procedure to acquire an SS burst index from PBCH contents.

[194]

[195] 5. System Frame Number and Half Frame Boundary

[196] Lower N bits of SFN information are delivered in PBCH payload, and upper M
bits of the SFN information is delivered in a PBCH scrambling sequence. Meanwhile, one
most significant bit (MSB) out of the upper M bits may be delivered by a change in the
time/frequency position of a PBCH DMRS, an NR-SSS, or an SS Block (SSB). In addition,
information about a half radio frame (5ms) boundary may be delivered by a change in the
time/frequency position of the PBCH DMRS, the NR-SSS, or the SSB.

[197] An ‘upper bit” and ‘MSB’ refers to a left bit in an information bit stream with a
bit of the highest digit in the rightmost position. It may be interpreted as the same meaning
as a least significant bit (LSB) being a unit value for determining an even number or an odd
number of an integer, in an information bit stream with a bit of the highest digit in the

leftmost position.
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[198] Further, a ‘lower bit’ and ‘LSB’ refers to a right bit in an information bit stream
with a bit of the highest digit in the rightmost position. It may be interpreted as the same
meaning as an MSB of an information bit stream with a bit of the highest digit in the
leftmost position.

[199]

[200] Embodiment 1-1

[201] If contents carried on an NR-PBCH included in a specific SSB are changed

every 80ms, the NB-PBCH contents include information that does not change within 80ms.
For example, SFN information included in PBCH contents is the same across a PBCH TTI
(80ms). For this purpose, the lower 7-bit information of 10-bit SFN information may be
included in the PBCH contents, whereas the upper 3-bit information of the 10-bit SFN
information may be included in a PBCH scrambling sequence or the like.

[202]

[203] Embodiment 1-2

[204] If contents carried on an NR-PBCH included in a specific SSB are changed

every 80ms, the NB-PBCH contents include information that does not change within 80ms.
For example, SFN information included in PBCH contents is the same across a PBCH TTI
(80ms). For this purpose, the lower 7-bit information of 10-bit SFN information is included
in the PBCH contents, 2-bit information in upper 3-bit information identifying a frame
boundary (10ms) is included in a PBCH scrambling sequence, and 1-MSB information is
transmitted in a different signal or channel distinguished from a PBCH channel coding-
related part such as the PBCH contents, a CRC, or the scrambling sequence. The signal
distinguished from the PBCH channel coding-related part may be a PBCH DMRS, and a
DMRS sequence, a DMRS RE position, a DMRS sequence-to-RE mapping change, a
symbol position change in an SSB, a change in the frequency position of the SSB, or the
like may be used as information.

[205] Specifically, if the DMRS sequence is used, the use of the phase difference
between two OFDM symbols carrying the DMRS, for example, the use of an orthogonal
code cover may be considered. Further, if the DMRS sequence is used, an initial value
changing method may be considered. Specifically, if the initial value of one of two m-
sequences used for a Gold sequence is fixed and the initial value of the other m-sequence is
changed by using a cell-ID and other information, a method of changing an initial value by
using information to be transmitted in the m-sequence with the fixed initial value may be

introduced.
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[206] To be more specific, it may be considered to introduce another initial value (e.qg.,
[010...0]) in addition to an existing fixed initial value (e.g., [100...0]) according to 1 bit
representing 10ms boundary information, and thus change the two initial values every 10ms
within a 20-ms range. In another method, the fixed initial value of one m-sequence may still
be used, and information to be transmitted may be added to the initial value of the other m-
sequence.

[207] Further, if a DMRS RE position is used, a V-shift method of changing the
frequency-axis position of the DMRS may be applied according to information. Specifically,
REs are arranged in different positions in a transmission at Oms and a transmission at 10ms
in a 20-ms range. If the DMRS is allocated every 4 REs, the DMRS may be shifted by 2
REs.

[208] In addition, a method of changing a PBCH DMRS sequence-to-RE mapping
method may be applied. Specifically, the sequence is mapped, starting from the first RE at
Oms, and the sequence is mapped in a different manner at 10ms. For example, the sequence
may be mapped reversely to the first RE, the mapping may start from the middle RE of the
first OFDM symbol, or the mapping may start from the first RE of the second OFDM
symbol. Further, it may be considered to change the order of PSS-PBCH-SSS-PBCH in an
SSB. For example, although the arrangement order is basically PSS-PBCH-SSS-PBCH,
different arrangement orders are applied to Oms and 10ms. Further, a method of changing
the positions of REs to which PBCH data is mapped in an SSB may be applied.

[209]

[210] Embodiment 1-3

[211] 1-bit information indicating a half frame boundary may be transmitted in a

different signal or channel from a PBCH channel coding-related part such as PBCH
contents, a CRC, and a scrambling sequence. For example, the signal distinguished from the
PBCH channel coding-related part may be a PBCH DMRS as in Embodiment 2, and a
DMRS sequence, a DMRS RE position, a DMRS sequence-to-RE mapping change, a
symbol position change in an SSB, or a change in the frequency position of an SSB may be
used as information. Particularly, this may be applied at the boundaries of Oms and 5ms in a
10-ms range.

[212] Additionally, for per-5ms time change information in a 20-ms range, including
half frame boundary information and 1-MSB information of an SFN, a DMRS sequence, a
DMRS RE position, a DMRS sequence-to-RE mapping change, a symbol position change

in an SSB, or a change in the frequency position of an SSB may be used as information, as
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in the method described in Embodiment 2. This may be applied when time information is
changed at the boundaries of 0, 5, 10, and 15ms in a 20-ms range.

[213]

[214] Embodiment 1-4

[215] In Embodiment 1-4, an ‘upper bit’ and ‘MSB’ refers to a left bit in an

information bit stream with a bit of the highest digit in the rightmost position. It may be
interpreted as the same meaning as an LSB being a unit value for determining an even
number or an odd number of an integer, in an information bit stream with a bit of the
highest digit in the leftmost position.

[216] Further, a ‘lower bit’ and ‘LSB’ refers to a right bit in an information bit stream
with a bit of the highest digit in the rightmost position. It may be interpreted as the same
meaning as an MSB of an information bit stream with a bit of the highest digit in the
leftmost position.

[217] If one PBCH includes a total of N REs, M(<N) REs are allocated for
transmission of PBCH data. If QPSK is used, the length of a scrambling sequence is 2*M.
To generate a total of L different scrambling sequences of length 2*M, a long sequence of
length L*2*M is generated, and then L sequences are generated by dividing the long
sequence by 2*M. A PN sequence may be used as the scrambling sequence, such as a Gold
sequence or an M sequence. Specifically, a Gold sequence of length 31 may be used. At
least a cell ID may be used as a value for initializing the PN sequence, and an SSB index
acquired from a PBCH DMRS may be used additionally. If a slot number and an OFDM
symbol number are derived from the SSB index, the slot number/OFDM symbol number
may be used. Additionally, half radio frame boundary information may be used as an
initialization value. Additionally, if a part of the bits of SFN information can be acquired
from a signal or channel distinguished from a channel coding-related part such as contents
or a scrambling sequence, the corresponding SFN information may be used as a value for
initializing the scrambling sequence.

[218] The length of the scrambling sequence is determined according to the length of
bits of SFN information, which are transmitted in the scrambling sequence. For example, if
3-bit information of the SFN information is transmitted in the scrambling sequence, 8 states
should be represented, and thus a sequence of a total length of 8*2*M is required. Similarly,
if 2-bit information of the SFN information is transmitted in the scrambling sequence, a

sequence of a total length of 2*2*M is required.
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[219] A bit stream including PBCH contents and a CRC is encoded by using a Polar
code, resulting in coded bits of length 512. The coded bits are shorter than the scrambling
sequence, and the coded bits of length 512 are repeated a plurality of times to be a bit
stream of the same length as that of the scrambling sequence. Then, the repeated coded bits
are multiplied by the scrambling sequence, and modulated in QPSK. The modulated
symbols are divided by M being a length, and then mapped to PBCH REs.

[220] For example, referring to FIG. 15, if 3-bit information of SFN information is
transmitted in a scrambling sequence, to change the scrambling sequence every 10ms, a
modulated symbol sequence of length M is transmitted every 10ms. Herein, different
modulated symbols are transmitted every 10ms. If the periodicity of an SS burst set is 5ms,
the same modulated symbol sequence is transmitted in two 5-ms transmission periods
included in a 10-ms range. If a UE is capable of acquiring half radio frame (5ms) boundary
information, the UE may combine PBCH information transmitted twice in the 10-ms range,
and perform 8 blind decodings in total in order to detect 8 scrambling sequences each
transmitted every 10ms within a 80-ms range. Herein, the UE acquires 1-bit half frame
boundary information (e.g., C0) by decoding a channel other than the PBCH. Then, the UE
may acquire upper N-bit information (e.g., SO, S1 and S2) of an SFN by PBCH blind
decoding, and acquire SFN information corresponding to the remaining (10-N) bits (e.g., S3
to S9) from PBCH contents, thereby constructing SFN information of 10 bits in total.

[221]

[222] In another example, if 3-bit information out of SFN information is transmitted
in a scrambling sequence, and half frame boundary information is included in PBCH
contents, the same contents are included in a 10-ms transmission period. However, since
PBCH contents with a 5-ms offset has different 1-bit half frame boundary information,
different contents may be transmitted every 5ms. That is, two types of contents are
configured due to 1-bit half frame boundary information, and an eNB encodes the two types
of contents separately, and performs bit repetition, scrambling, and modulation on each of
the two types of coded contents.

[223] If the UE fails to acquire the 5ms boundary information, it is difficult for the UE
to combine signals, each transmitted every 5ms. Instead, the UE performs 8 blind decodings
each every 10ms in the same manner for the 5-ms offset. That is, the UE acquires upper N-
bit information (e.g., SO, S1 and S2) of an SFN by at least 8 blind decodings, and 1-bit half

radio frame boundary information (e.g., C0) as well as SFN information (e.g., S3 to S9)
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corresponding to the remaining (10-N) bits from the PBCH contents. In other words, the UE
may acquire time information on a 5ms basis by constructing the acquired bit information.

[224] Similarly, if 2-bit information out of SFN information is transmitted in a
scrambling sequence, the scrambling sequence is changed every 20ms, and the same
modulated symbol sequence is transmitted in four 5-ms transmission periods included in a
20-ms range. If the UE is capable of acquiring half frame boundary information and 1-MSB
information of the SFN, the UE may combine four PBCHs received in the 20-ms range, and
perform four blind decodings every 20ms. Herein, although the reception complexity of the
UE may increase due to acquisition of the half frame boundary information and the 1-bit
MSB information of the SFN, the complexity of PBCH blind decoding may be reduced, and
PBCH combining may be performed up to 16 times. Thus, improvement of detection
performance may be expected. Herein, the UE acquires the 1-bit half frame boundary
information (e.g., CO) and the 1-MSB information (e.g., SO) of the SFN by decoding a
channel other than the PBCH.

[225] The UE acquires upper (N-1)-bit information (e.g., S1 and S2) following the 1
MSB of the SFN by PBCH blind decoding, and SFN information (e.g., S3 to S9)
corresponding to the remaining (10-N) bits from PBCH contents. Thus, the UE may
configure half radio frame boundary information (e.g., C0), and SFN information of 10 bits
in total (SO to S9), and this acquired time information is provided on a 5ms basis. Herein, a
plurality of SSBs may be transmitted in a 5-ms range, and the position of an SSB in the 5-
ms range may be acquired from a PBCH DMRS and PBCH contents.

[226]

[227] 6. SSB Time Index

[228] Now, a method of indicating an SSB time index will be described.

[229] A part of an SSB time index is transmitted in a PBCH DMRS sequence, and the
other part of the SSB time index is transmitted in PBCH payload. The SSB time index
transmitted in the PBCH DMRS sequence is N-bit information, and the SSB time index
transmitted in the PBCH payload is M-bit information. If the maximum number of SSBs in
a frequency range is represented in L bits, L is the sum of M and N. If a total of H (=2"L)
states that may be transmitted in a 5-ms range are group A, J states (=2"N) that may be
represented by N bits delivered in a PBCH DMRS sequence are group B, and | states
(=2"M) that may be represented by M bits delivered in PBCH payload are group C, the
number H of states in group A may be expressed as the product of the number J of states in

group B and the number | of states in group C. A maximum of P (P is 1 or 2) states
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belonging to one of group B and group C may be represented within 0.5ms. Meanwhile, the
term groups are given for the convenience’s sake in the present disclosure, and may be
replaced with other names.

[230]

[231] Meanwhile, the number of states transmitted in the PNCH DMRS sequence may
be 4 in a frequency range at or below 3GHz, 8 in a frequency range from 3GHz to 6GHz,
and 8 in a frequency range at or above 6GHz. Subcarrier spacings of 15kHz and 30kHz are
used in a band at or below 6GHz. If the 15-kHz subcarrier spacing is used, up to 1 state is
included in a 0.5-ms range, and if the 30-kHz subcarrier spacing is used, up to 2 states are
included in the 0.5-ms range. Subcarrier spacings of 120kHz and 240kHz are used in a band
at or above 6GHz. If the 120-kHz subcarrier spacing is used, up to 1 state is included in the
0.5-ms range, and if the 240-kHz subcarrier spacing is used, up to 2 states are included in
the 0.5-ms range.

[232] FIGS. 16(a) and 16(b) illustrate the numbers of SSBs included in 0.5ms, if the
subcarrier spacing of 15kHz/30kHz and the subcarrier spacing of 120kHz/240kHz are used,
respectively. As illustrated in FIG. 16, one SSB is included in 0.5ms in the case of the 15-
kHz subcarrier spacing, two SSBs in 0.5ms in the case of the 30-kHz subcarrier spacing, 8
SSBs in 0.5ms in the case of the 120-kHz subcarrier spacing, and 16 SSBs in 0.5ms in the
case of the 240-kHz subcarrier spacing.

[233] In the subcarrier spacings of 15kHz and 30kHz, the indexes of SSBs included in
5ms may be mapped to indexes transmitted in the PBCH DMRS sequence in a one-to-one
correspondence. Indicator bits indicating an SSB index may be included in the PBCH
payload. The indicator bits may be interpreted not as indicating an SSB index, but as
information for any other purpose in a band at or below 6GHz. For example, the indicator
bits may be used for coverage extension, and for indicating the repetition number of an
SSB-related signal or resources.

[234] When the PBCH DMRS sequence is initialized by using a cell ID and an SSB
index, the index of an SSB transmitted in a 5-ms range may be used as an initial value for
the sequence, in the 15-kHz and 30-kHz subcarrier spacings. Herein, the SSB index may be
used in the same meaning as an SSBID.

[235]

[236] Embodiment 2-1

[237] If the subcarrier spacing is 120kHz, the number of the indexes of SSBs included
within 0.5ms is 8. A PBCH DMRS sequence may be identical, and PBCH payload may be
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changed according to an SSB index, in a 0.5-ms range. However, a PBCH DMRS sequence
in a 0.5-ms period in which a first SSB group is transmitted is distinguished, that is,
different from a PBCH DMRS sequence in a 0.5-ms period for a second SSB group
transmitted before the first SSB group. Further, to distinguish SSBs in the different 0.5-ms
periods, an SSB index for an SSB group is transmitted in the PBCH payload.

[238] If the subcarrier spacing is 240kHz, the number of the indexes of SSBs included
within 0.5ms is 16, and two PBCH DMRS sequences may be transmitted within 0.5ms.
That is, different PBCH DMRS sequences may be used for 8 SSBs in the former 0.5ms, and
8 SSBs in the latter 0.5ms. SSB indexes are delivered in PBCH payload included in the
former SSBs and the latter SSBs.

[239] As such, if the method of maintaining a PBCH DMRS sequence unchanged
during a predetermined time period is applied, a PBCH DMRS sequence-based time
information transmission method which offers low detection complexity and good detection
performance when a UE attempts to detect a neighbor cell signal to secure time information
about a neighbor cell is applied. Thus, time information with an accuracy of about 0.5ms or
0.25ms can advantageously be acquired. This has the benefit of offering a time accuracy of
about 0.25ms or 0.5ms irrespective of a frequency range.

[240]

[241] Embodiment 2-2

[242] If the subcarrier spacing is 120kHz, the number of the indexes of SSBs included

within 0.5ms is 8. Within 0.5ms, PBCH payload includes the same SSB indexes, and a
PBCH DMRS sequence may be changed according to an SSB index. However, an SSB
index transmitted in PBCH payload in a 0.5-ms period in which a first SSB group is
transmitted uses a sequence distinguished, that is, different from that of an SSB index
transmitted in PBCH payload in a 0.5-ms period for a second SSB group transmitted before
the first SSB group.

[243] If the subcarrier spacing is 240kHz, the number of the indexes of SSBs included
within 0.5ms is 16, and two SSB indexes may be transmitted in PBCH payload within 0.ms.
That is, the same SSB indexes are included in PBCH payload transmitted in 8 SSBs in the
former 0.5ms, and eight SSB indexes in the latter 0.5ms are distinguished, that is, different
from the SSB indexes in the former 0.5ms. Herein, a PBCH DMRS included in each of the
former and latter periods uses a different sequence identified by an SSB index.

[244] In the subcarrier spacings of 120kHz and 240kHz, an SSB index is represented

by combining indexes acquired from two paths. In Embodiment 1 and Embodiment 2 as
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described above, SSB indexes may be represented by [Equation 1] and [Equation 2],
respectively.

[245] [Equation 1]

[246] SS-PBCH block index = SSBID*P + SSBGID

[247] SSBID = Floor (SS-PBCH block index / P)

[248] SSBGID = Mod(SS-PBCH block index, P)

[249]

[250] [Equation 2]

[251] SS-PBCH block index = SSBID*P + SSBGID

[252] SSBID = Mod(SS-PBCH block index, P)

[253] SSBGID = Floor (SS-PBCH block index / P)

[254] Herein, P may be represented as 2”\(the number of bits transmitted in the PBCH
DMRS).

[255]

[256] The above description has been given by using specific numbers (e.g., 4 or 8),
which is only for the convenience of description, not limiting the present disclosure to any
particular value. For example, the above-described value may be determined according to the
number of information bits transmitted in a PBCH DMRS. If the PBCH DMRS delivers 2-bit
information, an SSB group may include 4 SSBs. For the subcarrier spacing of 15kHz/30kHz,
the SSB time index transmission scheme described for the subcarrier spacing of
120kHz/240kHz may also applied.

[257]

[258] Referring to FIG. 15 again, the exemplary bit configuration of time information
and transmission paths of the corresponding information which are described in “S. System
Frame Number and Half Frame Boundary” and “6. SSB Time Index” are summarized as
follows.

[259] — 7 bits out of a 10-bit SFN, and a 3-bit SSB group index are transmitted in
PBCH contents.

[260] — 2-bit 20ms boundary information (S2 and S1) is transmitted by PBCH
scrambling.

[261] — 1-bit Sms boundary information (C0) and 1-bit 10ms boundary information (S0)
are transmitted by a DMRS RE position shift, the phase difference between DMRSs in
OFDM symbols carrying a PBCH, a change in DMRS sequence-to-RE mapping, a change in
the initial value of a PBCH DMRS sequence, or the like.
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[262] — 3-bit SSB index indication information (B2, Bl and B0) is transmitted in a
DMRS sequence.

[263]

[264] 7. NR-PBCH Contents

[265] It is expected that the payload size of a master information block (MIB) will be
increased on the basis of a response LS from RAN2 in the NR system. The MIB payload size
and NR-PBCH contents, expected in the NR system, are given as follows.

[266] 1) Payload: 64 bits (48-bit information, 16-bit CRC)

[267] 2) NR-PBCH contents:

[268] — At least a part of SFN/H-SFN

[269] - Information about configuration of common search space

[270] — Information about central frequency of NR carrier

[271]

[272] After detecting a cell ID and symbol timing information, a UE may acquire
network access information from a PBCH including an SFN, a part of timing information,
such as an SSB index and a half frame timing, information related to a common control
channel, such as a time/frequency position, a bandwidth, bandwidth part information such
as the position of an SSB, and SS burst set information such as an SS burst set period and an
actual transmitted SSB index.

[273] Since the only limited time/frequency resources of 576 REs are occupied by the
PBCH, mandatory information should be included in the PBCH. In addition, if possible, to
further include mandatory information or additional information, an auxiliary signal such as
a PBCH DMRS may be used.

[274]

[275] (1) SEN (System Frame Number)

[276] In NR, SFNs may be defined to distinguish 10-ms intervals. Further, indexes

between 0 and 1023 may be introduced as the SFNs, similarly to the LTE system. The
indexes may be explicitly indicated by bits or implicitly indicated.

[277] In NR, a PBCH TTI is 80ms and a minimum SS burst period is 5ms. Therefore,
up to 16 PBCHs may be transmitted, one per 80ms, and a different scrambling sequence for
each PBCH transmission may be applied to encoded PBCH bits. The UE may detect a 10-

ms interval similarly to an LTE PBCH decoding operation. In this case, eight SFN states
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may be indicated implicitly by a PBCH scrambling sequence, and 7 bits for indicating an
SFN may be defined in PBCH contents.

[278]

[279] (2) Timing Information Within Radio Frame

[280] An SSB index may be explicitly indicated by the PBCH DMRS sequence and/or

bits included in the PBCH contents, according to a carrier frequency range. For example,

for the frequency band at or below 6GHz, 3 bits of the SSB index is delivered only by the
PBCH DMRS sequence. Further, for the frequency band at or above 6GHz, the three LSBs
of the SSB index is delivered by the PBCH DMRS sequence, and the three MSBs of the
SSB index is delivered by the PBCH contents. That is, up to 3 bits for an SSB index may be
defined in the PBCH contents, only for a frequency range between 6GHz and 52.6GHz.

[281] In addition, a half frame boundary may be indicated by the PBCH DMRS
sequence. Particularly, in a frequency band at 3GHz or below, it is more effective to include
a half frame indicator in the PBCH DMRS than in the PBCH contents. That is, FDD is
mainly used in the frequency band at or below 3GHz, and thus time asynchronization
between SFs or slots may be large. Therefore, for more accurate time synchronization, the
half frame indicator is preferably delivered in the PBCH DMRS having better decoding
performance than the PBCH contents.

[282] On the contrary, in a frequency band above 3GHz, TDD is mainly used and thus
time asynchronization between subframes or slots is not much. Therefore, it may not matter
much to deliver the half time indicator in the PBCH contents.

[283] Meanwhile, the half time indicator may be delivered in both of the PBCH
DMRS and the PBCH contents.

[284]

[285] (3) Number of OFDM Symbols Included in Slot

[286] Regarding the number of OFDM symbols in a slot in a carrier frequency range

at or below 6GHz, a 7-OFDM symbol slot and a 14-OFDM symbol slot are considered in
NR. If it is determined to support both types of slots in the carrier frequency range at or
below 6GHz, a slot type indication should be defined to indicate time resources of a control
resource set (CORESET).

[287]

[288] ((4) Information Identifying Absence of RMSI Corresponding to PBCH
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[289] In NR, an SSB may be used for operation measurement as well as for providing
network access information. Particularly, multiple SSBs may be transmitted for
measurement, for a wideband CC operation.

[290] However, it may not be necessary to deliver RMSI in every frequency position
carrying an SSB. That is, the RMSI may be transmitted in a specific frequency position, for
efficiency of resource utilization. In this case, UEs, which perform an initial access
procedure, may not determine whether RMSI is provided in a detected frequency position.
To solve the problem, a bit field for identifying the absence of RMSI corresponding to a
PBCH in a detected frequency area may need to be defined. Meanwhile, a method for
identifying the absence of RMSI corresponding to a PBCH without using the bit field
should also be considered.

[291] For this purpose, an SSB without RMSI is to be transmitted in a frequency
position which is not defined by a frequency raster. In this case, since UEs performing the
initial access procedure are not capable of detecting an SSB, the above problem may be
overcome.

[292]

[293] (5) SS Burst Set Periodicity and Actual Transmitted SS Block

[294] For the purpose of measurement, information about the periodicity of an SS

burst set and an actual transmitted SSB may be indicated. Therefore, this information is
preferably included in system information, for cell measurement and inter/intra cell
measurement. That is, there is no need for defining the above information in PBCH contents.

[295]

[296] (6) Bandwidth-Related Information

[297] A UE attempts to detect a signal within an SSB bandwidth during an initial

synchronization procedure including cell ID detection and PBCH decoding. Subsequently,
the UE may acquire system information in a bandwidth indicated in PBCH contents by a
network, and continue an initial access procedure in which an RACH procedure is
performed. The bandwidth may be defined for the purpose of the initial access procedure.
Frequency resources for a COCRESET, RMSI, OSlI, and an RACH message may be defined
within a bandwidth for a DL common channel. In addition, an SSB may be positioned in a
part of the bandwidth for the DL common channel. In summary, the bandwidth for the DL
common channel may be defined in PBCH contents. Further, an indication of a relative
frequency position between the bandwidth for the SSB and the bandwidth for the DL

common channel may be defined in the PBCH contents. To simplify the indication of a

39



relative frequency position, a plurality of bandwidths for the SSB may be regarded as
candidate positions in which the SSB is positioned within the bandwidth of the DL common
channel.

[298]

[299] (7) Numerology Information

[300] For SSB transmission, the subcarrier spacings of 15, 30, 120, and 240kHz are
used. Meanwhile, the subcarrier spacings of 15, 30, 60 and 120kHz are used for data

transmission. For transmission of an SSB, a CORESET, and RMSI, the same subcarrier
spacing may be used. Once RANL1 identifies information about the above-described
subcarrier spacings, there is no need for defining numerology information in PBCH
contents.

[301] Meanwhile, a probable change of the subcarrier spacing for the CORESET and
the RMSI may be considered. If only 15 subcarrier spacings are applied to SSB
transmission according to an agreement on a minimum carrier bandwidth in RAN4, the
subcarrier spacing may need to be changed to 30kHZ for the next procedure after PBCH
decoding. Further, if the 240-kHz subcarrier spacing is used for transmission of an SSB, the
subcarrier spacing needs to be changed for data transmission because the 240-kHz
subcarrier spacing is not defined for the data transmission. If RAN1 is capable of changing
the subcarrier spacing for data transmission by PBCH contents, a 1-bit indicator may be
defined for the purpose. The 1-bit indicator may be interpreted as {15, 30kHz} or {60,
120kHz} according to a carrier frequency range. In addition, the indicated subcarrier
spacing may be considered to be a default numerology for an RB grid.

[302]

[303] (8) Payload Size

[304] A maximum payload size of 64 bits may be assumed in consideration of PBCH

decoding performance, as illustrated in [Table 2].
[305] [Table 2]
[306]
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Details Bit size

at or below at or above
6GHz| 6GHz
Svstem Frame Number {YSE) 7 7
SS/PBCH block time index {MSB) 0 3
Reference numercliogy [1] 1}
Bandwidth for DL common channel, and 55 block 13 (2]
position - -
# of OFDY svmbois in a Siot (1] 0

CORESET
{Frequency resource - bandwidth, lecation)
{Time rescurce - starting OFD¥ symbol, Duration}
(UE Monitoring Periodicity, offset, duration)

About [10] About [10]

Reserved Bit [201 [20]
(RS 1643 16+a
Total 64 64

[307] 8. NR-PBCH Scrambling

[308] A description will be given of the type of an NR-PBCH scrambling sequence
and sequence initialization. Although it may be considered to use a PN sequence in NR, if
use of a Gold sequence of length 31 defined in the LTE system as an NR-PBCH sequence
does not cause a serious problem, it may be preferred to reuse the Gold sequence as an NR-
PBCH scrambling sequence.

[309] Further, the scrambling sequence may be initialized by at least a Cell-ID, and 3
bits of an SSB index indicated by a PBCH-DMRS may be used in initializing the
scrambling sequence. Further, if a half frame indication is indicated by the PBCH-DMRS or
another signal, the half frame indication may also be used as a seed value for initialization
of the scrambling sequence.

[310]

[311] 9. PBCH Coding Chain Configuration and PBCH DMRS Transmission
Method

[312] Referring to FIG. 17, an embodiment of a method of configuring a PBCH
coding chain, and transmitting a PBCH DMRS will be described below.
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[313] An MIB configuration may be different according to CORESET information
and an SSB group index on an SSB basis. Therefore, an MIB is encoded per SSB. Herein,
the number of encoded bits is 3456. Since the number of Polar code output bits is 512, the
Polar code output bits may be repeated 6.75 times (512*6+384).

[314] The repeated bits are multiplied by a scrambling sequence of length 3456, and
the scrambling sequence is initialized by a cell ID and an SSB index transmitted in a DMRS.
Then, the 3456-bit scrambling sequence is divided into 4 parts each having 864 bits, and a
set of 4 modulated symbols of length 432 is configured by modulating each of the 4 parts in
QPSK.

[315] A new modulated symbol set may be transmitted every 20ms, and the same
modulated symbol set may be repeated up to four times within 20ms. Herein, the frequency-
axis position of the PBCH DMRS is changed according to the cell ID in the time period
during which the same modulated symbol set is repeatedly transmitted. That is, the position
of the DMRS is shifted at 0/5/10/15ms by [Equation 3].

[316] [Equation 3]

[317] wvshift = (vshift_cell + vshift_frame)mod4, vshift_cell = Cell-ID mod3,
vshift_frame=0,1,2,3

[318] A Gold sequence of length 31 is used as a PBCH DMRS sequence. The initial
value of the first m-sequence is fixed to one value, and the initial value of the second m-
sequence is determined on the basis of an SSB index and a cell 1D by [Equation 4].

[319] [Equation 4]

[320] cCinit = 2'**(SSBID+1)*(2*CellID+1) + CellID

[321] If SSBs have the same contents, channel coding and bit repetition are performed
only for one SSB. Further, on the assumption that a different scrambling sequence is applied
to each SSB, the process of generating and multiplying a scrambling sequence to the process
of bit segmentation and modulation are performed per SSB.

[322]

[323] An eNB operation and a UE operation according to a method of transmitting half
radio frame information and one MSB of an SFN will be described below. In the following
description, CO and SO correspond to a half frame boundary indication bit, and a frame
boundary indication bit, respectively, as illustrated in FIG. 15.

[324] (1) CO and SO are transmitted by a CRC.

[325] This information is changed at each of 0, 5, 10, and 15ms. A total of 4 CRCs are

generated and subjected to 4 encodings. On the assumption that each encoded bit is
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transmitted four times every 20ms, the encoded CRC bits are repeatedly arranged and
multiplied by a scrambling sequence.

[326] Further, when the UE receives the information, the UE should further perform
blind decoding in order to combine information received at each of Oms, 5ms, 10ms, and
15ms. If only PBCHs received every 20ms are blind-decoded, there is no additional
complexity. However, since signals transmitted every 5Sms cannot be combined, maximum
performance cannot be ensured.

[327] (2) CO and SO are transmitted by PBCH scrambling.

[328] One information bit and a CRC are encoded. On the assumption that the encoded
bits are transmitted every Sms, that is, transmitted a total of 16 times, the encoded bits are
repeatedly arranged and multiplied by a scrambling sequence. A shortcoming with this
method is that the number of blind decodings is increased to 16.

[329] (3) CO and SO are transmitted in a DMRS sequence.

[330] In this method, 5 bits are transmitted in a sequence of length 144. One piece of
information and a CRC are encoded. Two methods are available to scramble the encoded bits.

[331] 1) On the assumption that the encoded bits are transmitted every Sms, that is,
transmitted a total of 16 times, the encoded bits are repeatedly arranged and multiplied by a
scrambling sequence. In this case, since the scrambling sequence is changed every 5ms, ICI
randomization of the PBCH may occur. Further, since a UE acquires CO and SO from the
DMRS sequence, the UE may acquire scrambling sequence information which is changed at
each of 0, 5, 10, and 10ms. Further, the number of blind decodings is not increased during
PBCH decoding. In this method, signals transmitted every 5Sms are combined, and thus
maximum performance may be expected.

[332] 2) On the assumption that the encoded bits are transmitted every 20ms, that is,
transmitted a total of 4 times, the encoded bits are repeatedly arranged and multiplied by a
scrambling sequence. Then, ICI randomization may be reduced. Further, the number of blind
decodings at a UE is not increased, performance improvement may be expected, and an
acquisition time may be shortened.

[333] However, if CO and SO are transmitted in a DMRS sequence, multiple bits should
be included in the DMRS sequence, thereby decreasing detection performance and increasing
the number of blind detections. To overcome this problem, combining should be performed a
plurality of times.

[334] (4) CO and SO are transmitted in a DMRS position.

[335] This method is basically identical to transmission of CO and SO in a DMRS

43



sequence. However, to transmit CO and SO in a DMRS position, the position is determined on
the basis of a cell ID, and the frequency position is shifted according to 0, 5, 10, and 15ms. A
shift may be performed in the same manner for a neighbor cell. Particularly, the use of power
boosting for the DMRS may further improve performance.

[336]

[337] 10. NR-PBCH DMRS Design

[338] In the NR system, a DMRS is introduced for phase reference of the NR-PBCH.
Further, an NR-PSS/NR-SSS/NR-PBCH exists in every SSB, and OFDM symbols carrying
the NR-PSS/NR-SSS/NR-PBCH are contiguous in a single SSB. However, if it is assumed
that the NR-SSS and the NR-PBCH are transmitted in different transmission schemes, it
cannot be assumed that the NR-SSS is used as an RS for NR-PBCH demodulation. In the NR
system, therefore, the NR-PBCH should be designed on the assumption that the NR-SSS is
not used as an RS for NR-PBCH demodulation.

[339] To design a DMRS, DMRS overhead, a time/frequency position, and a
scrambling sequence should be considered.

[340] Overall PBCH decoding performance may be determined by channel estimation
performance and an NR-PBCH coding rate. Because of tradeoff between channel estimation
performance and a PBCH coding rate, an appropriate number of REs should be determined
for DMRS transmission. For example, when four REs per RB are allocated to the DMRS,
better performance may be provided. When two OFDM symbols are allocated for NR-
PBCH transmission, 192 REs are used for the DMRS, and 384 REs are used for MIB
transmission. In this case, on the assumption that the payload size is 64 bits, a 1/12 coding
speed equal to the coding speed of the LTE PBCH may be achieved.

[341] In addition, if a plurality of OFDM symbols are allocated for NR-PBCH
transmission, which OFDM symbol is to include a DMRS becomes an issue. To prevent
performance degradation caused by a residual frequency offset, the DMRS is preferably
positioned in all OFDM symbols carrying the NR-PBCH. Accordingly, the DMRS may be
included in all OFDM symbols used for NR-PBCH transmission.

[342] Meanwhile, regarding the positions of OFDM symbols carrying the NR-PBCH,
the PBCH DMRS is used as a time/frequency tracking RS, and as the spacing between two
OFDM symbols carrying DMRSs is larger, frequency tracking is more accurate. Therefore,
the first and fourth OFDM symbols may be allocated for transmission of the NR-PBCH.

[343] Further, accordingly, interleaved mapping in the frequency domain may be

assumed for the frequency position of the DMRS, which may be shifted according to a cell
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ID. An advantage of a uniformly distributed DMRS pattern is that DFT-based channel
estimation may be used, which offers optimum performance in 1-D channel estimation.
Further, in order to increase channel estimation performance, wideband RB bundling may
be used.

[344] For a DMRS sequence, a pseudo random sequence defined according to the type
of a Gold sequence may be used. The length of the DMRS sequence may be defined by the
number of DMRS REs per SSB. In addition, the DMRS sequence may be generated on the
basis of a Cell-ID and a slot number/OFDM symbol index within a default period 20ms of
an SS burst set. Further, the index of an SSB may be determined on the basis of slot and
OFDM symbol indexes.

[345]

[346] Meanwhile, NR-PBCH DMRSs should be scrambled according to 1008 cell IDs
and 3-bit SSB indexes. This is because a comparison of detection performance according to
numbers of hypotheses of a DMRS sequence reveals that the detection performance of 3
bits is most suitable for the number of DMRS sequence hypotheses. However, since it
seems that the detection performance of 4 to 5 bits has little performance loss, it does not
matter to use a 4- or 5-bit hypothesis number.

[347] Meanwhile, since an SSB time index and a 5-ms boundary should be
represented by a DMRS sequence, a design should be made so that there are a total of 16
hypotheses.

[348] In other words, the DMRS sequence should represent at least a cell ID, an SSB
index within an SS burst set, and a half frame boundary (half frame indication), and may be
initialized by the cell ID, the SSB index within an SS burst set, and the half frame boundary
(half frame indication). A specific initialization equation is given as [Equation 5].

[349] [Equation 5]

[350]

Co = (VESPRATOS 1y 8 HF ) (2 NEM 1) 20 4+ N

SS/PBCHblock Cell
[351] Herein, = 'P represents an SSB index in an SSB group, and if = '®

is a cell ID, HF represents a half frame indication index having a value of {0, 1}.

[352] For the NR-PBCH DMRS sequence, a Gold sequence of length 31 may be used,
similarly to the LTE DMRS sequence. Or the NR-PBCH DMRS sequence may be
generated based on a Gold sequence of length 7 or 8.
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[353] Meanwhile, since detection performance is similar in the cases of using a Gold

sequence of length 31 and a Gold sequence of length 7 or 8, the present disclosure proposes
that the Gold sequence of length 31 is used, like the LTE DMRS, and a Gold sequence of a
length larger than 31 may be considered in the frequency range at or above 6GHz.
_ P sswscin v (717)
[354] A DMRS sequence modulated in QPSK, b
by [Equation 6].

[355] [Equation 6]

may be defined
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[357]

[358] Further, BPSK and QPSK may be considered as a modulation scheme for
generating the DMRS sequence. Although BPSK and QPSK are similar in detection
performance, QPSK outperforms BPS in correlation performance. Thus, QPSK is more
appropriate as a modulation scheme for generating the DMRS sequence.

[359]

[360] Now, a detailed description will be given of a method of configuring a PBCH
DMRS sequence. A Gold sequence is used as a PBCH DMRS sequence, and two m-
sequences are configured by generator polynomials that configure the same length. If a
sequence is short, one m-sequence may be replaced with a generator polynomial of a short
length.

[361]

[362] Embodiment 3-1

[363] Two m-sequences that form a Gold sequence are configured to be of the same

length. The initial value of one of the m-sequences is fixed, and the initial value of the other
m-sequence may be set by a cell ID and a time indicator.

[364] For example, a Gold sequence of length 31 as used in LTE may be used. A Gold
sequence of length 31 is used for the CRS in legacy LTE, and different sequences are
generated through initialization on the basis of 140 time indicators based on 504 cell IDs, 7
OFDM symbols, and 20 slots.

[365] As 15kHz and 30kHz are used as subcarrier spacings in a band at or below
6GHz, up to 8 SSBs may be included within 5ms, and up to 32 SSBs within 20ms. That is,
if 5ms boundary information is acquired from a PBCH DMRS sequence in a 20-ms range,

the same operation as detection of 32 SSBs is performed. Since the number of cell IDs is
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1008 in NR, twice larger than in LTE but the number of SSBs to be distinguished from each
other is less than 70 (=140/2), the foregoing sequence may be used.

[366] In a band at or above 6GHz, although the maximum number of SSBs in a 5-ms
range is 64, the maximum number of SSB indexes delivered in the PBCH DMRS is 8, equal
to the maximum number of SSB indexes in a band at or below 6GHz. Thus, a sequence may
also be generated by using a Gold sequence of length 31 according to a cell ID and a time
indicator in the band at or above 6GHz.

[367] In another method, Gold sequences of different lengths may be applied
according to frequency ranges. The subcarrier spacings of 120kHz and 240kHz may be used
in the band at or above 6GHz. Thus, the numbers of slots included in 10ms are increased by
8 times (i.e., 80 slots) and 16 times (i.e., 160 slots), respectively from the number of slots
included in 10ms with the subcarrier spacing of 15kHz. Particularly, if a data DMRS
sequence is initialized by using a 16-bit C-RNTI and a slot index, a polynomial of a length
longer than the conventional length 31 may be required. If a Gold sequence of length N
(>31) is introduced according to this requirement, this sequence may be used for a PBCH
DMRS and PBCH scrambling. In this case, Gold sequences of different lengths may be
applied according to frequency ranges. A length-31 Gold sequence may be used in the band
at or below 6GHz, whereas a length-N (>31) Gold sequence may be used in the band at or
above 6GHz. Herein, an initial value may be applied in a similar manner to the above
description.

[368]

[369] Embodiment 3-2

[370] Two m-sequences forming a Gold sequence are configured in the same length.

One of the m-sequences may be initialized by using a time indicator, and the other m-
sequence may be initialized by using a cell ID or a cell ID and another time indicator. For
example, an LTE length-31 Gold sequence may be used as the Gold sequence. An m-
sequence to which a fixed initial value is applied conventionally is initialized by the time
indicator, and the other m-sequence is initialized by the cell ID.

[371] In another method, if a half radio frame boundary (5ms) and one SFN MSB
(10ms boundary) are transmitted along with an SSB index from among time indicators are
transmitted in the PBCH DMRS, the half radio frame boundary (5ms) and the one SFN
MSB (10ms boundary) may be indicated by the first m-sequence, and the SSB index may be

indicated by the second m-sequence.
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[372] When Gold sequences of different lengths are introduced for different frequency
ranges as described in Embodiment 1, the above-described sequence initialization method
may also be applied.

[373]

[374] Embodiment 3-3

[375] A Gold sequence is configured with M-sequences having polynomials of

different lengths. Information requiring many indications uses the M-sequence of the longer
polynomial, and information requiring fewer indications uses the M-sequence of the shorter
polynomial.

[376] A PBCH DMRS sequence is generated according to a cell ID and time
information such as an SSB indication. Two polynomials of different lengths may be used
to represent 1008 cell IDs and P pieces of time information (e.g., a 3-bit SSB indication).
For example, a length-31 polynomial may be used to distinguish cell IDs from each other,
and a length-7 polynomial may be used to distinguish time information. Herein, the two m-
sequences may be initialized by a cell ID and time information, respectively. Meanwhile, in
the above example, the length-31 polynomial may be a part of the m-sequences forming a
Gold sequence used in LTE, and the length-7 polynomial may be one of two m-sequences
defined to configure an NR-PSS or NR-SSS sequence.

[377]

[378] Embodiment 3-4

[379] A sequence is generated from an M-sequence having a short polynomial, a

sequence is generated from a Gold sequence comprised of M-sequences having long
polynomials, and the two sequences are multiplied element-wise.

[380]

[381] Now, a description will be given of a method of setting an initial value for a
sequence used as a PBCH DMRS sequence. The PBCH DMRS sequence is initialized by a
cell ID and a time indicator. Further, if a bit stream used for initialization is denoted by

c(i)*2ni (i=0, ™, 30), c(0) to c(9) are determined by the cell ID, and ¢(10) to ¢(30) are

determined according to the cell ID and the time indicator. Particularly, bits corresponding
to ¢(10) to ¢(30) may carry part of information of the time indicator, and a different
initialization method may be used according to the attribute of the information.

[382]

[383] Embodiment 4-1
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[384] When initialization is performed using a cell ID and an SSB index, ¢(0) to c(9)
are determined by the cell ID and c(10) to c(30) are determined by the cell ID and the SSB
index, according to the above description. In the following [Equation 7], NID represents a
cell ID and SSBID represents an SSB index.

[385] [Equation 7]

[386] 2710*( SSBID *(2*NID+1) ) + NID+1

[387] 2710%(( SSBID +1)*(2*NID+1) ) + NID+1

[388] 2710%*(( SSBID +1)*(2*NID+1) ) + NID

[389]

[390] Embodiment 4-2

[391] If a time indicator is added in the initialization method of Embodiment 4-1

described above, an initial value is set in the manner of increasing SSBs in number. Let the
number of SSB indexes delivered in a PBCH DMRS sequence for 5ms be denoted by P.
Then, if a half radio frame boundary is to be detected from the DMRS sequence, the
boundary may be represented with the effect that the number of SSBs is doubled. In addition,
if a 10ms boundary as well as a half radio frame boundary are to be detected from the DMRS
sequence, the boundaries may be represented with the effect that the number of SSBs is
increased by four times. Embodiment 4-2 is expressed as [Equation 8] below.

[392]

[393] [Equation 8]

[394] 2710*(( SSBID + P*(i))*(2*NID+1) ) + NID+1

[395] 2710*(( SSBID +1+ P *(i))*(2*NID+1) ) + NID+1

[396] 2710*(( SSBID +1+ P*(i))*(2*NID+1) ) + NID

[397] If the boundaries at 0, 5, 10, and 15ms are represented, i=0, 1, 2, 3, and if only the
half frame boundary is represented, i=0, 1.

[398]

[399] Embodiment 4-3

[400] If a time indicator is added in the initialization method of Embodiment 4-1

described before, the time indicator is used separately from an SSB index. For example, ¢(0)
to ¢(9) may be determined by a cell ID, ¢(9) to c(13) may be determined by the SSB index,
and c(14) to c(30) may be determined by the added time indicator such as a half frame
boundary or SFN information. Embodiment 4-3 is expressed as [ Equation 9] below.

[401] [Equation 9]

[402] 2713*(1)+27°10*( (SSBID +1) ) + NID
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[403] 2713*(i+1)+2710%( (SSBID +1) ) + NID
[404] 27°13%(i)+2710%( (SSBID +1) ) + NID+1
[405] 2713*(i+1)+2710%( (SSBID +1) ) + NID+1
[406]

[407] Embodiment 4-4

[408] The maximum number of SSBs, L is determined according to a frequency range.
Let the number of SSB indexes delivered in a PBCH DMRS sequence be denoted by P. Then,
if L is equal to or less than P, all of the SSB indexes are delivered in the DMRS sequence, and
an SSB index is identical to an index acquired from the DMRS sequence. Meanwhile, if L is
larger than P, an SSB index is a combination of an index delivered in the DMRS sequence
and an index delivered in PBCH contents.

[409] If SSBID is the index used in the DMRS sequence, and SSBGID is the index
included in the PBCH contents, the following three cases may be considered.

[410] (1)CaseO:L<=P

[411] SS-PBCH block index = SSBID

[412] (2)Casel:L>P

[413] SS-PBCH block index = SSBID*P + SSBGID

[414] SSBID = Floor (SS-PBCH block index / P)

[415] SSBGID = Mod(SS-PBCH block index, P)

[416] (3)Case2:L>P

[417] SS-PBCH block index = SSBID*P + SSBGID

[418] SSBID = Mod(SS-PBCH block index, P)

[419] SSBGID = Floor (SS-PBCH block index / P)

[420]

[421] Meanwhile, a pseudo random sequence used to generate the NR-PBCH DMRS

sequence is defined as a Gold sequence of length 31, and a sequence c(n) of length N
is defined by the following [Equation 10].
[422] [Equation 10]

c(n) = (x,(n+N.)+x,(n+N_.))mod2
x,(n+31)= (xl (n+3)+ xl(n))modZ

x,(n+3)=(x,(n+3)+x,(n+2)+x,(n+1)+x, (n))modZ
[423]
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[424] Herein, n=0,|

x0)=1Lx(n)=0,n=12,..30

M

srens

w1 Ne=1600

. The first m-sequence has an

initial value, , and the second m-sequence has an

30 L ) = | Cinit i~ 0L
Cit = Zi=0x2 (i)-2 here x, (i) —{ Y Jmod 2, i=01---30

initial value defined by

[425]

[426] 11. NR-PBCH DMRS Pattern Design

[427] Regarding the frequency position of the DMRS, two DMRS RE mapping
methods may be considered. A fixing RE mapping method fixes an RS mapping area in the
frequency domain, whereas a variable RE mapping method shifts an RS position according
to a cell ID by a Vshift method. The variable RE mapping method advantageously
randomizes interference and thus achieves an additional performance gain. Thus, it seems to
be more preferable to use the variable RE mapping method.

[428] The variable RE mapping will be described in detail. A complex modulation

a

symbol ” included in a half frame may be determined by [Equation 11].

[429] [Equation 11]

!
ak,l = ?(:N*ﬂ}j‘ifpgfil—[blnck (72 . l + i?’l')

k=am'+v,, ifle{l3}

1 I'=0
] =
3 /I'=1
m'=0,1,..71
[430] Vain =N ;;H mod 3
[431]

[432] Herein, k and I represent the indexes of a subcarrier and an OFDM symbol in an

/ A7 SS/PBCH. block (m)
N1

SSB, and represents a DMRS sequence. Meanwhile, it may be

s

V. = N3 mod4
determined by =" 7 .

[433] Further, RS power boosting may be considered to improve performance. If RS

power boosting and Vshift are used together, interference from interference total radiated
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power (TRP) may be reduced. Further, considering the detection performance gain of RS
power boosting, the ratio of signal EPRE to PDSCH EPRE is preferably -1.25dB.

[434]

[435] Meanwhile, DMRS overhead, a time/frequency position, and a scrambling
sequence should be determined to design a DMRS. Overall PBCH decoding performance
may be determined by channel estimation performance and an NR-PBCH coding rate. Due
to trade-off between channel estimation performance and a PBCH coding rate, an
appropriate number of REs for the DMRS should be determined.

[436] It can be seen from a test that allocation of 4 REs per RB (1/3 density) to the
DMRS offers better performance. If two OFDM symbols are used for transmission of the
NR-PBCH, 192 REs are used for the DMRS, and 384 REs are used for MIB transmission.
In this case, on the assumption that the payload size is 64 bits, the same coding speed as the
LTE PBCH, that is, 1/12 coding speed may be achieved.

[437] Further, the DMRS may be used for a phase reference of the NR-PBCH. Herein,
two methods may be considered for DMRS mapping. One of the methods is equidistant
mapping in which each PBCH symbol is used, and a DMRS sequence is mapped to
subcarriers at the same interval.

[438] In a non-equidistant mapping scheme, each PBCH symbol is used, but a DMRS
sequence is not mapped within an NR-SSS transmission bandwidth. Instead, the NR-SSS is
used for PBCH demodulation in the non-equidistant mapping scheme. Therefore, the non-
equidistant mapping scheme may require more resources for channel estimation than the
equidistant mapping scheme. In addition, since a residual CFO may exist in the initial
access procedure, SSS symbol-based channel estimation may not be accurate. That is, the
equidistant mapping scheme is advantageous in CFO estimation and accurate time tracking.

[439] Further, if an SSB time indication is transmitted in the PBCH DMRS, the
equidistant mapping scheme may bring an additional benefit. The results of evaluating
PBCH decoding performance according to the actual RE mapping scheme tell that the
equidistant mapping scheme outperforms the non-equidistant mapping scheme. Accordingly,
the equidistant mapping scheme is more suitable for the initial access procedure. Further,
regarding the frequency position of a DMRS, interleaved DMRS mapping in the frequency
domain, which may be shifted according to a cell 1D, may be assumed. In addition, the
equidistantly mapped DMRS pattern may preferably use DFT-based channel estimation
which offers optimum performance in 1-D channel estimation.

[440]
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[441] Now, a description will be given of embodiments of a method of mapping a
PBCH DMRS sequence to REs.

[442]

[443] Embodiment 5-1

[444] The length of a DMRS sequence is determined by the number of REs and a
modulation order which are used for a PBCH DMRS.

[445] If M REs are used for the PBCH DMRS and the sequence is modulated in
BPSK, a sequence of length M is generated. The sequence is modulated sequentially in

BPSK, and modulated symbols are mapped to DMRS REs. For example, if there are a total
of 144 PBCH DMRS REs in two OFDM symbols, a sequence of length 144 is generated by
using one initial value, modulated in BPSK, and then mapped to the REs.

[446] Meanwhile, if M REs are used for the PBCH DMRS and the sequence is
modulated in QPSK, a sequence of length 2*M is generated. If the sequence is s(0),

. ,8(2*M-1), a sequence of even-numbered indexes and a sequence of odd-numbered
indexes are combined and modulated in QPSK. For example, if there are a total of 144
PBCH DMRS REs in two OFDM symbols, a sequence of length 288 is generated by using
one initial value, and modulated in QPSK, and then the resulting sequence of length 144 is
mapped to the REs.

[447] If N REs are used for the PBCH DMRS in one OFDM symbol and the sequence
is modulated in BPSK, a sequence of length N is generated. The sequence is modulated
sequentially in BPSK, and modulated symbols are mapped to DMRS REs. For example, if
there are a total of 72 PBCH DMRS REs in one OFDM symbol, a sequence of length 72 is
generated by using one initial value, modulated in BPSK, and then mapped to the REs. If
one or more OFDM symbols are used for PBCH transmission, different sequences may be
generated by performing initialization per OFDM symbol, and a sequence generated for a
previous symbol may be mapped in the same manner.

[448] Further, if N REs are used for the PBCH DMRS in one OFDM symbol and the
sequence is modulated in QPSK, a sequence of length 2*N is generated. If the sequence is
s(0), ... ,s(2*M-1), a sequence of even-numbered indexes and a sequence of odd-numbered
indexes are combined, modulated in QPSK, and mapped to DMRS REs. For example, if
there are a total of 72 PBCH DMRS REs in one OFDM symbol, a sequence of length 144 is
generated by using one initial value, and modulated in QPSK, and then the resulting
sequence of length 144 is mapped to the REs. If one or more OFDM symbols are used for

PBCH transmission, different sequences may be generated by performing initialization per
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OFDM symbol, and a sequence generated for a previous symbol may be mapped in the
same manner.

[449]

[450] Embodiment 5-2

[451] If the same sequence is mapped to different symbols, a cyclic shift may be

applied. For example, in the case where two OFDM symbols are used, if a modulated
sequence of the first OFDM symbol is sequentially mapped to REs, the modulated sequence
is cyclically shifted by an offset corresponding to 1/2 of the length N of the modulated
sequence, and then mapped to REs in the second OFDM symbol. In the case where an NR-
PBCH uses 24RBs, and an NR-SSS uses 12 RBs, if the center frequency REs of the NR-
SSS and the NR-PBCH are aligned with each other, the NR-SSS is disposed in the positions
of 7" to 18™ RBs. A channel may be estimated from the NR-SSS, and coherent detection
may be attempted by using the estimated channel in detecting an SSB index from an NR-
PBCH DMRS. To facilitate the detection, the application of the above cyclic shift method
may lead to the effect that the PBCH DMRS sequence is transmitted across two OFDM
symbols in the area of the center 12 RBs carrying the NR-SSS.

[452]

[453] Embodiment 5-3

[454] If a time indicator other than an SSB indication is transmitted, a cyclic shift

value may be determined according to the time indicator.

[455] If the same sequence is mapped to OFDM symbols, the same cyclic shift may
be applied to each OFDM symbol. Or different cyclic shifts may be applied to the
respective OFDM symbols. If a sequence is generated in correspondence to the total number
of DMRS REs included in OFDM symbols carrying the PBCH, the whole sequence is
cyclically shifted and then mapped to the DMRS REs. In another example of cyclic shift,
reverse mapping may be considered. For example, if a modulated sequence is s(0), ... ,s(M-
1), the modulation sequence is reversely mapped in the form of s(M-1), ... ,s(0).

[456]

[457] The frequency positions of PBCH DMRS REs will be described below.

[458] The frequency positions of REs used for a PBCH DMRS may be changed by a
specific parameter.

[459] Embodiment 6-1

[460] If a DMRS is arranged every N REs (e.g., N=4), a maximum shift range for the

positions of frequency-axis REs may be set to N. For example, the maximum shift range
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may be represented as N*m + v_shift (where, m=0,.., 12xNRB_PBCH-1, v_shift=0, ... ,N-
1).

[461]

[462] Embodiment 6-2

[463] The offset of a frequency-axis shift may be determined by at least a cell ID. The

shift offset may be determined by using a cell ID acquired from a PSS and an SSS. In the NR
system, the cell ID may be a combination of Cell_ID(1) acquired from the PSS and Cell_ID(2)
acquired from the SSS. The cell ID may be represented as Cell_ID(2)*3+Cell_ID(1). The
shift offset may be determined by using the acquired cell ID information or part of the cell ID
information. The offset may be calculated by the following [Equation 12].

[464] [Equation 12]

[465] v_shift = Cell-ID mod N (where N is a DMRS frequency spacing, for example,
set to 4)

[466] v_shift = Cell-ID mod 3 (the effect of interference randomization among 3
neighbor cells is achieved, and the DMRS frequency spacing may be larger than 3, for
example, N=4)

[467] v_shift = Cell ID(1) (Cell_ID(1) acquired from the PSS is used as the shift
offset)

[468]

[469] Embodiment 6-3

[470] The offset of a frequency-axis shift may be determined by a partial value of time

information. For example, the shift offset may be determined according to a half radio
frame boundary (5ms) or 1-MSB SFN information (10ms boundary). The offset may be
calculated by [Equation 13].

[471] [Equation 13]

[472] v_shift =0, 1, 2, 3 (the position of a DMRS is shifted at 0/5/10/15ms. If the
DMRS frequency spacing is 4, there are 4 shift opportunities)

[473] v_shift =0, 1 (shift at a 0/5ms boundary or a 0/10ms boundary)

[474] v_shift = 0, 2 (shift at a 0/5ms boundary or a 0/10ms boundary. If the DMRS
frequency spacing is 4, shift by a maximum interval of 2)

[475]

[476] Embodiment 6-4

[477] The offset of a frequency-axis shift may be determined according to a cell ID

and a partial value of time information. For example, the shift offset may be set by
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combining Embodiment 2-3 with Embodiment 2-3. The shift offset is a combination of a
cell ID-based shift, vshift_cell and a time information-based shift, vshift frame. This
interval may be represented by modulo N where N is a DMRS RE spacing. An embodiment
of calculating this offset may be expressed as the following equation.

[478] [Equation 14]

[479] wvshift = (vshift_cell + vshift_frame) mod N

[480] FIG. 18 is a view illustrating exemplary DMRS mapping in an SSB.

[481]

[482] Now, a description will be given of a power ratio between a PBCH DMRS RE
and a data RE. REs used for PBCH DMRS transmission may be transmitted with higher
power compared to the power of REs for data transmission in an OFDM symbol carrying the
PBCH DMRS.

[483]

[484] Embodiment 7-1

[485] The ratio of per-DMRS RE energy to per-data RE energy is fixed for each

frequency band. A fixed ratio may be used for all frequency bands, and a specific power ratio
may be applied to a specific frequency band. That is, a different power ratio may be applied
to each frequency band. For example, high power may be used in a band at or below 6GHz in
which ICI is dominant, whereas the same power may be used in a band at or above 6GHz
which is a noise-restricted environment.

[486] In the present disclosure, a power ratio is represented as ‘an energy ratio of per-
DMRS RE to per-data RE’ for the convenience of description. However, the power ratio may
be expressed in various manners. For example,

[487] — Aratio of per-data RE power to per-DMRS RE power

[488] — A ratio of per-data RE energy to per-DMRS RE energy

[489] — Aratio of per-DMRS RE power to per-data RE power

[490] — Aratio of per-DMRS RE energy to per-data RE energy

[491]

[492] Embodiment 7-2

[493] The power of DMRS REs may be set to be lower than the power of data REs by
3dB. For example, in the cases where 3 REs out of 12 REs are used for a DMRS, and 9 REs
are used for data, and 4REs/8REs (DMRS/Data) are used, if PBCH decoding performance is

similar, in order to achieve a similar effect to the effect of using 4 REs by use of 3 REs, the

power of a 3-RE DMRS is increased by about 1.3334 times for each RE, and the power of
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neighbor data REs is adjusted by 0.08889 times, thereby increasing DMRS power, while
maintaining the total power of the OFDM symbol. Herein, a power boosting level is about
1.76dB (=10*log(1.3334/0.8889)).

[494] In another example, in the case where 3RES/9REs (DMRS/Data) are used, if a
similar performance to the detection performance of a 4.8-RE DMRS is provided, the power
boosting level is about 3dB (2dB for a 4.15-RE DMRS).

[495]

[496] Embodiment 7-3

[497] If the NR system operates non-standalone (NSA) in conjunction with the LTE

system, the ratio of per-DMRS RE energy to per-data RE energy may be indicated.

[498]

[499] 12. Time Index Indication Method

[500] Referring to FIG. 19, time information includes an SFN, a half frame interval,
and an SSB time index. Regarding each piece of time information, an SFN may be
represented in 10 bits, a half frame indication may be represented in 1 bit, and an SSB time
index may be represented in 6 bits. Herein, a part of the 10 bits of the SFN may be included
in PBCH contents. Further, an NR-PBCH DMRS may include 3 bits out of the 6 bits of the
SSB index.

[501] Embodiments of a method for indicating a time index as illustrated in FIG. 19
may be given as follows.

[502] — Method 1: S2 S1 (PBCH scrambling) + SO CO (PBCH contents)

[503] — Method 2: S2 S1 SO (PBCH scrambling) + CO (PBCH contents)

[504] - Method 3: S2 S1 (PBCH scrambling) + SO CO (PBCH DMRYS)

[505] - Method 4: S2 S1 SO (PBCH scrambling) + CO (PBCH DMRYS)

[506]

[507] If a half frame indication is delivered in the NR-PBCH DMRS, PBCH data may
be combined, thereby achieving additional performance improvement. For this reason, a 1-
bit half frame indication may be transmitted in the NR-PBCH DMRS as in Method 3 and
Method 4.

[508] In a comparison between Method 3 and Method 4, although Method 3 may
reduce the number of blind decodings, Method 3 may lead to loss of PBCH DMRS
performance. If the PBCH DMRS may deliver 5 bits including SO, CO0, B0, B1, and B2 with

excellent performance, Method 3 may be appropriate as a time indication method. However,
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if the PBCH DMRS may not deliver the 5 bits with excellent performance, Embodiment 4
may be appropriate as a time indication method.

[509] In consideration of the above, 7 MSBs of an SFN may be included in the PBCH
contents, and 2 or 3 LSBs of the SFN may be delivered by PBCH scrambling. Further, 3
LSBs of an SSB index may be included in the PBCH DMRS, and 3 MSBs of the SSB index
may be included in the PBCH contents.

[510] Additionally, a method for acquiring an SSB time index of a neighbor cell may
be considered. Since DMRS sequence-based decoding outperforms PBCH contents-based
decoding, 3 bits of an SSB index may be transmitted by changing a DMRS sequence within
each 5-ms period.

[511] Meanwhile, while an SSB time index may be transmitted only in an NR-PBCH
DMRS of a neighbor cell in the frequency range at or below 6GHz, 64 SSB indexes are
distinguished by a PBCH-DMRS and PBCH contents in the frequency range at or above
6GHz, and thus a UE does not need to decode a PBCH of the neighbor cell.

[512] However, decoding of the PBCH-DMRS and the PBCH contents together may
result in additional complexity of NR-PBCH decoding, and reduced PBCH decoding
performance, compared to use of the PBCH-DMRS only. Accordingly, it may be difficult to
perform PBCH decoding to receive an SSB of the neighbor cell.

[513] In this context, it may be considered that a serving cell provides a configuration
related to an SSB index of a neighbor cell, instead of decoding the PBCH of the neighbor
cell. For example, the serving cell provides a configuration for 3 MSBs of an SSB index of
a target neighbor cell, and the UE detects 3 LSBs from a PBCH-DMRS. Then, the SSB
index of the target neighbor cell may be acquired by combining the 3 MSBs with the 3
LSBs.

[514]

[515] 13. Measurement Result Evaluation

[516] Now, a description will be given of the results of performance measurement
according to a payload size, a transmission scheme, and a DMRS. It is assumed that two
OFDM symbols having 24 RBs are used for NR-PBCH transmission. It is also assumed that
an SS burst set (i.e., 10, 20, 40, or 80ms) may have a plurality of periods, and encoded bits
are transmitted within 80ms.

[517]

[518] (3) DMRS Density
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[519] In a low SNR area, improvement of channel estimation performance is a
significant factor in improving demodulation performance. However, if the RS density of
the NR-PBCH increases, the channel estimation performance is improved, but the coding
speed is reduced. Therefore, for balancing between the channel estimation performance and
the channel coding gain, decoding performance for different DMRS densities is compared.
FIG. 20 is an exemplary view illustrating DMRS densities.

[520] FIG. 20(a) illustrates use of 2 REs per symbol for the DMRS, FIG. 20(b)
illustrates use of 4 REs per symbol for the DMRS, and FIG. 20(c) illustrates use of 6 RES
per symbol for the DMRS. In addition, the present evaluation is based on the assumption of
using a single port-based transmission scheme (i.e., TD-PVS).

[521] FIG. 20 illustrates embodiments of a DMRS pattern for single antenna port-
based transmission. Referring to FIG. 20, with the positions of DMRSs equally distant from
each other in the frequency domain, the RS density is changed. Further, FIG. 21 is a view
illustrating performance results for the different DMRS densities.

[522] As illustrated in FIG. 21, the NR-PBCH decoding performance in the case
illustrated in FIG. 20(b) is better than in the case illustrated in FIG. 20(a), due to excellent
channel estimation performance. Meanwhile, the case of FIG. 20(c) has the effect of a coding
speed loss larger than the gain of channel estimation performance improvement, and thus has
poor performance, compared to the case of FIG. 20(b). For this reason, it seems most
appropriate to design the DMRS with an RS density of 4 REs per symbol.

[523]

[524] (4) DMRS Time Position and CFO Estimation

[525] A description will be given of the detection performance of an SSB index

according to the number of DMRS sequence hypotheses, a modulation type, sequence
generation, and DMRS RE mapping. The present measurement results are based on the
assumption that two OFDM symbols in 24 RBs are used for NR-PBCH transmission. In
addition, multiple periods may be considered for an SS burst set, and may be 10ms, 20ms,
or 40ms.

[526]

[527] (5) Number of DMRS Sequence Hypotheses

[528] FIG. 22 illustrates measurement results according to SSB indexes. 144 REs and
432 REs are used for the DMRS and data, respectively in 24 RBs and two OFDM symbols.

It is assumed that a long sequence (e.g., a Gold sequence of length 31) and QPSK are used

for a DMRS sequence.
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[529] Referring to FIG. 22, when measurement is performed with the detection
performance of 3 to 5 bits accumulated twice, an error rate of 1% is shown at -6dB.
Therefore, information of 3 to 5 bits may be used to represent the number of hypotheses for
a DMRS sequence in terms of detection performance.

[530]

[531] (6) Modulation Type

[532] FIGS. 23 and 24 illustrate the results of performance measurement in BPSK and

QPSK. In the present test, a DMRS hypothesis is represented in 3 bits, a DMRS sequence is
based on a long sequence, and the power level of an interference TRP is equal to the power
level of a serving TRP.

[533] Referring to FIGS. 23 and 24, it may be noted that BPSK and QPSK are similar
in performance. Therefore, use of any modulation type for modulation of a DMRS sequence
does not bring much difference in terms of performance measurement. However, referring
to FIG. 25 and 26, it may be noted that BPSK and QPSK differ in correlation characteristics.

[534] Referring to FIG. 25 and 26, BPSK is more distributed than QPSK, in an area
with a correlation amplitude equal to or larger than 0.1. Accordingly, QPSK is preferably
used as a modulation type for the DMRS in consideration of a multi-cell environment. That
is, QPSK is a more appropriate modulation type for the DMRS sequence, in terms of
correlation characteristics.

[535]

[536] (7) Generation of PBCH DMRS Seguence

[537] FIGS. 27 and 28 illustrate measurement results according to DMRS sequence

generation. A DMRS sequence may be generated on the basis of a long sequence with a
polynomial order of 30 or higher, or a short sequence of a polynomial order of 8 or less. In
addition, it is assumed that a DMRS hypothesis is 3 bits, and the power level of an
interference TRP is equal to that of a serving TRP.

[538] Referring to FIGS. 27 and 28, it may be noted that the detection performance of
short sequence-based generation is similar to the detection performance of long sequence-
based generation.

[539] Specifically, although the correlation performance of a first M-sequence is
intended to be increased by introducing a polynomial expression of length 7, no difference
is made from conventional use of a length-31 polynomial expression for a first M-sequence.

In addition, while a sequence is generated by setting the initial value of the first M-sequence
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to an SSBID, it does not make any difference from a conventional scheme of fixing the first
M-sequence and using an SSBID-CellID for the second M-sequence.

[540] Accordingly, a length-31 Gold sequence is used as in LTE, and initialization is
performed by fixing the initial value of the first M-sequence and using SSBID-CellID for
the second M-sequence, as is done conventionally.

[541]

[542] (8) DMRS RE Mapping

[543] FIGS. 29, 30 and 31 illustrate the results of performance measurement

according to the equidistant RE mapping method and the non-equidistant RE mapping
method. Herein, a DMRS hypothesis is 3 bits, a DMRS sequence is based on a long
sequence, and the power level of an interference TRP is equal to that of a serving TRP. In
addition, only one interference source exists.

[544] Further, the NR-SSS is mapped to 144 REs (i.e., 12 RBs), and the NR-PBCH is
mapped to 288 REs (i.e., 24 RBs). Meanwhile, in the non-equidistant mapping method, it is
assumed that the NR-SSS is used for PBCH demodulation, and the PBCH DMRS is not
mapped within an NR-SSS transmission bandwidth. Further, it is assumed that a residual
CFO exists.

[545] That is, the above-described contents are summarized as follows.

[546] (Equidistant DMRS mapping) 96 REs per PBCH symbol, that is, a total of 192
REs are used.

[547] (Non-equidistant DMRS mapping) a DMRS sequence is mapped to subcarriers
outside the NR-SSS transmission bandwidth. In this case, the NR-SSS is used for PBCH
demodulation. In addition, 48 REs per PBCH symbol, and 128 REs for the NR-SSS symbol,
that is, a total of 224 REs are used.

[548] As noted from FIG. 30, the non-equidistant mapping scheme without a CFO
includes more REs for channel estimation, thus outperforming the equidistant mapping
scheme. However, if 10% of a residual CFO exists, the performance of the non-equidistant
mapping scheme decreases, whereas the equidistant mapping scheme exhibits a similar
performance irrespective of a CFO. Even though the non-equidistant mapping scheme has
more REs for channel estimation, the channel estimation accuracy of the NR-SSS symbol is
decreased due to the residual CFO. Therefore, it may be noted that in the presence of a
residual CFO, the equidistant mapping scheme outperforms the non-equidistant mapping

scheme in channel estimation performance.
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[549] As noted from FIG. 31, the use of variable RE mapping may bring about the
effect of interference randomization. Therefore, the detection performance of variable RE
mapping is higher than that of fixed RE mapping.

[550] FIG. 32 illustrates measurement results when RS power boosting is used. Herein,
it is assumed that the RE transmission power for a DMRS is higher than the RE
transmission power for PBCH data by about 1.76dB (=10*log(1.334/0.889)). If variable RE
mapping and DMRS power boosting are used together, other cell interference is reduced.
As noted from FIG. 32, there is a performance gain of 2 to 3dB with RS power boosting,
compared to the absence of RS power boosting.

[551] On the other hand, the RS power boosting reduces the RE transmission power
for PBCH data. Thus, the RS power boosting may affect PBCH performance. FIGS. 33 and
34 illustrate the results of measuring PBCH performance in the cases of RS power boosting
and no RS power boosting. It is assumed that the period of an SS burst set is 40ms and
encoded bits are transmitted within 80ms.

[552] The reduction of the RE transmission power for PBCH data may cause
performance loss. However, the resulting RS power increase improves channel estimation
performance, thereby improving demodulation performance. Accordingly, as noted from
FIGS. 33 and 34, the performance is almost the same in both cases. Accordingly, the effect
of the loss of the RE transmission power for PBCH data may be compensated for by a
channel estimation performance gain.

[553] Meanwhile, the result of a test which applies Vshift to the RS power boosting
will be described with reference to FIGS. 35 and 36. If Vshift by which the frequency-axis
of a DMRS RE is changed according to a cell ID is introduced, receiving the PBCH DMRS
transmitted in a multi-cellular environment during two periods and combining two PBCHSs
brings about the effect of improving detection performance due to ICI randomization. If
Vshift is applied, the detection performance is significantly improved.

[554]

[555] [Table 3] below lists assumed values for parameters used for the above
performance measurement.

[556] [Table 3]

62



Parameter

Yalue

Carrier Frequency

AGH=z

Channel Hodel

CBL_C {delay scaling values: 100ns)

Subcarrier Spacing

15 KHz

Antenna Configuration

TRP: (1,1,2) with Cmni-directional antenna el

ement

UE: (1,1,2) with Omni-directional antenna ele

ment

Frequency Offset

0% and 10% of subcarrier spacing

Default period 20 ms
Subframe duration 1 ms
OFDM svmbols in SF 14
MNumber of interfering )
TRI’s
Operating SNR -4 dB
[557]
[558]

[559] (9) SSB Index Indication
[560] Evaluation results for comparing the performance of an SSB time index

indication will be described with reference to FIGS. 37 to 40. For the present evaluation, a
method for indicating an SSB time index by a PBCH DMRS sequence, and a method for
indicating an SSB index by PBCH contents are considered. It is assumed that for an SSB
time index and 5-ms slot boundary indication, there are a total of 16 states, that is, the
indication is represented in 4 bits. In this evaluation, it is assumed that a single SSB of an
SS burst set is transmitted, and time-domain precoder cycling is applied within a PBCH TTI.
In addition, it is assumed that 192 REs are used for the PBCH DMRS, and the bit size of an
MIB including a CRC is 64 bits.

[561] The number of hypotheses is 16 for this evaluation. This is because 4 bits are
required to represent 8 states for an SSB index and states for a 5ms boundary in the PBCH
DMRS. As noted from FIGS. 30 and 31, the detection performance of an SSB time index in
the PBCH DMRS reaches 0.2% at an SNR of -6dB, when accumulated twice. As observed
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from this evaluation, it is more preferable to use the PBCH DMRS in indicating an SSB
index and a 5ms boundary.

[562] On the other hand, as noted from FIGS. 39 and 40, even though decoding is
performed with accumulation twice, a PBCH FER of 1% cannot be achieved at the SNR of
-6dB. Therefore, if an SSB time index is defined only in PBCH contents, the detection
performance of the SSB time index may not be sufficient.

[563] [Table 4] below lists parameter values assumed for the above evaluation of an
SSB index indication.

[564] [Table 4]

Parameter Yalue
Carier Frequency 2GHz
Clonmel Moidel CDL C {delav scaling values: 300ns)
System Bandwidth 24HBs
Number of OFDM symlol
2 gymbaols
for FBCH
REs for DMES anid Data 192 {96 x 2) for DMRES, 384 {192 x 2} for Data
Fayload size 72 nits, 64bits, 56bits, 48bits
FECH TTI 80ms
85 st set periodicity 20ms
FBCH Repetition 4 times within PRCH TT1
Subcarier Spacing 15kHz
Antenna Configuration 2Tx & 2Rx
Transmission Scheme Time Domain Precoder Vector Switching (TD-PVES)
Channel Estimation Non-ideal
Modulation Crder QPSK
Cailing Scheme TBCC
[565]
[566]

[567] 14. BWP (Bandwidth Part) for DL Common Channel Transmission
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[568] The initial access procedure of LTE is performed within a system bandwidth
configured by an MIB. Further, the PSS/SSS/PBCH is aligned with respect to the center of
the system bandwidth. A common search space is defined within the system bandwidth,
system information is delivered on a PDSCH in the common search space allocated within
the system bandwidth, and an RACH procedure for Msg 1/2/3/4 is performed.

[569] Meanwhile, while the NR system supports an operation within a wideband
component carrier (CC), it is very difficult in terms of cost to configure a UE to have the
capability of performing a necessary operation within all wideband CCs. Accordingly, it
may be difficult to implement a reliable initial access procedure within a system bandwidth.

[570] To avert this problem, a BWP may be defined for an initial access procedure in
NR, as illustrated in FIG. 41. In the NR system, an initial access procedure for SSB
transmission, system information delivery, paging, and an RACH procedure may be
performed within a BWP corresponding to each UE. Further, at least one DL BWP may
include one CORESET having a common search space in at least one primary CC.

[571] Thus, DL control information related to at least RMSI, OSI, paging, and RACH
message 2/4 may be transmitted in a CORESET having a common search space, and a DL
data channel related to the DL control information may be allocated within a DL BWP.
Further, the UE may expect that an SSB will be transmitted in a BWP corresponding to the
UE.

[572] That is, at least one DL BWP may be used for transmission of a DL common
channel in NR. Herein, an SSB, a CORESET and RMSI with a common search space, OSlI,
paging, and a PDSCH for RACH Msg 2/4 may be included in the DL common channel. The
RMSI may be interpreted as system information block 1 (SIB 1), which is system
information that the UE should acquire after receiving an MIB on a PBCH.

[573]

[574] (1) Numerology

[575] In NR, the subcarrier spacings of 15, 30, 60 and 120kHz are used for data
transmission. Therefore, a numerology for a PDCCH and a PDSCH within an BWP for a

DL common channel may be selected from among numerologies defined for data
transmission. For example, one or more of the subcarrier spacings of 30, 60 and 60kHz may
be selected for a frequency range at or below 6GHz, whereas one or more of the subcarrier
spacings of 60 and 120kHz may be selected for a frequency range of 6GHz to 52.6kHz.
[576] However, since the 60-kHz subcarrier spacing is already defined for URLLC

service in the frequency range at or below 6GHz, the 60-kHz subcarrier spacing is not
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suitable for PBCH transmission in the frequency range at or below 6GHz. Accordingly, for
transmission of a DL common channel, the subcarrier spacings of 15kHz and 30kHz may be
used in the frequency range at or below 6GHz, and the subcarrier spacings of 60kHz and
120kHz may be used in the frequency range at or above 6GHz.

[577] Meanwhile, the subcarrier spacings of 15, 30, 120 and 240kHz are supported for
SSB transmission in NR. It may be assumed that the same subcarrier spacing is applied to
downlink channels for an SSB, a CORESET and RMSI with a common search space,
paging, and a PDSCH for an RAR. Therefore, if this assumption is applied, there is no need
for defining numerology information in PBCH contents.

[578] On the other hand, it may occur that a subcarrier spacing for a DL control
channel needs to be changed. For example, if the 240-kHz subcarrier spacing is applied to
SSB transmission in the frequency band at or above 6GHz, the 240-kHz subcarrier spacing
is not used for data transmission including DL control channel transmission, and thus the
subcarrier spacing needs to be changed for data transmission including DL control channel
transmission. Thus, if the subcarrier spacing can be changed for data transmission including
DL control channel transmission, this may be indicated by a 1-bit indicator included in the
PBCH contents. For example, the 1-bit indicator may be interpreted as indicating {15kHz,
30kHz} or {60kHz, 120kHz} according to a carrier frequency range. In addition, the
indicated subcarrier spacing may be regarded as a reference numerology for an RB grid.
The PBCH contents may mean an MIB transmitted on the PBCH.

[579] That is, in the frequency range at or below 6GHz, the 1-bit indicator may
indicate that the subcarrier spacing for RMSI or OSl, paging, and Msg 2/4 for initial access
is 15kHz or 30kHz, whereas in the frequency range at or above 6GHz, the 1-bit indicator
may indicate that the subcarrier spacing for RMSI or OSI, paging, and Msg 2/4 for initial
access is 60kHz or 120kHz.

[580]

[581] (2) Bandwidth of BWP for Transmission of DL Common Channel

[582] In the NR system, the bandwidth of a BWP for a DL common channel does not

need to be equal to a system bandwidth in which the network operates. That is, the
bandwidth of the BWP may be narrower than the system bandwidth. That is, although the
bandwidth should be wider than a minimum carrier bandwidth, the bandwidth should not be
wider than a minimum UE bandwidth.

[583] Therefore, a BWP for transmission of a DL common channel may be defined
such that the bandwidth of the BWP is wider than the bandwidth of an SSB, and equal to or
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less than a specific DL bandwidth of every UE operable in each frequency range. For
example, the minimum carrier bandwidth may be defined as 5MHz and the minimum UE
bandwidth may be assumed to be 20MHz in the frequency range at or below 6GHz. In this
case, the bandwidth of the DL common channel may be defined in a range of 5MHz to
20MHz. That is, an SSB may be located in a part of the bandwidth of the DL common
channel.

[584]

[585] (3) Bandwidth Configuration

[586] FIG. 42 illustrates an exemplary bandwidth configuration.

[587] The UE attempts to detect a signal within the bandwidth of an SSB in an initial

synchronization procedure including cell ID detection and PBCH decoding. Then, the UE
may continue a subsequent initial access procedure within the bandwidth of a DL common
channel, indicated by the network in PBCH contents. That is, the UE may acquire system
information within the bandwidth of the DL common channel, and perform an RACH
procedure.

[588] Meanwhile, an indicator indicating a relative frequency position between the
bandwidth of the SSB and the bandwidth of the DL common channel may be defined in the
PBCH contents. Meanwhile, as described above, the PBCH contents may mean an MIB
transmitted on the PBCH.

[589] For example, as illustrated in FIG. 42, the relative frequency position between
the bandwidth of the DL common channel and the bandwidth of the SSB may be defined by
offset information about the spacing between the bandwidth of the SSB and the bandwidth
of the DL common channel.

[590] Particularly, referring to FIG. 42, the offset value may be indicated in RBs, and
the UE may determine that the bandwidth of the DL common channel is located at an offset
position corresponding to an indicated number of RBs. Meanwhile, different numerologies,
that is, different subcarrier spacings may be configured for the bandwidth of the SSB and
the bandwidth of the DL common channel. Herein, the absolute frequency spacing of an
offset indicated in RBs may be calculated with respect to either of the subcarrier spacing for
the SSB bandwidth and the subcarrier spacing for the bandwidth of the DL common
channel.

[591] Further, to simplify the indication of a relative frequency position, a bandwidth
for a plurality of SSBs may be one of candidate positions for an SSB within the bandwidth

of the DL common channel.
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[592] Further, the bandwidth of the DL common channel does not need to be equal to
the system bandwidth in which the network operates in the NR system. In addition, the
bandwidth may be narrower than the system bandwidth. That is, although the bandwidth of
the DL common channel should be wider than the minimum carrier bandwidth, it should not
be wider than the minimum bandwidth of the UE. For example, if it is assumed that in the
frequency range at or below 6GHz, the minimum carrier bandwidth is defined as 5MHz and
the minimum bandwidth of the UE is assumed to be 20MHz, the bandwidth of the DL
common channel may be defined within a range of 5SMHz to 20MHz.

[593] For example, if the bandwidth of an SSB is 5MHz and the bandwidth of the DL
common channel is 20MHz, four candidate positions in which an SSB is to be detected may
be defined within the bandwidth of the DL common channel.

[594]

[595] 15. CORESET Configuration

[596] (1) CORESET Information and RMSI Scheduling Information

[597] It may be more efficient for the network to transmit CORESET information

including RMSI scheduling information to the UE than to directly indicate the RMSI
scheduling information. That is, frequency resource-related information such as a
bandwidth for a CORESET and a frequency position may be indicated in PBCH contents.
Further, time resource-related information such as a starting OFDM symbol, a duration, and
the number of OFDM symbols may be additionally configured in order to flexibly use
network resources.

[598] In addition, information about a period, a duration, and an offset for common
search space monitoring may be transmitted to the UE by the network in order to reduce the
detection complexity of the UE.

[599] Meanwhile, a transmission type and an REG bundling size may be fixed
according to the CORESET of a common search space. Herein, transmission types may be
classified depending on whether a transmitted signal is interleaved

[600]

[601] (2) Number of OFDM Symbols Included in Slot

[602] In relation to the number of OFDM symbols in a slot or a carrier frequency
range at or below 6GHz, two candidates, that is, 7-OFDM symbol slot and 14-OFDM

symbol slot are considered. If it is determined in the NR system to support the two types of

slots in the carrier frequency range at or below 6GHz, a method for indicating a slot type
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should be defined in order to indicate the time resources of a CORESET with a common
search space.

[603]

[604] (3) Bit Size of PBCH Contents

[605] About 14 bits may be set to represent a numerology, a bandwidth, and
CORESET information in PBCH contents.

[606] [Table 5]

Bit size
Details
6GHz For abGHz
Reference numerology 1l 1]
Bangwidth for DL common channel, and 5SS block (3] 2]
position ° -
# of OFDM svabels in a Slot r] 0
CORESET

{Frequency resource - bandwidth, iocation) )
(Time resource - starting OFDM svmbol, Duration} About [10] About [10]
(UE Monitoring Periodicity, offset, duration)

[607] Total About [14]

[608]

[609] (4) Measurement Result

[610] With reference to FIG. 43, performance results according to payload sizes (i.e.,
48, 56, 64, and 72 bits) will be described. Herein, it is assumed that 384 REs and 192 REs
are used for DMRSs.

[611] It may be noted from FIG. 43 that if the payload size is up to 72 bits,
performance requirements for the NR-PBCH (i.e., 1% BLER at an SNR of -6dB) may be
satisfied by using 384 REs for data and 192 REs for DMRSs.

[612]

[613] Referring to FIG. 44, a communication apparatus 4400 includes a processor
4410, amemory 4420, an RF module 4430, a display module 4440, and a User Interface (Ul)
module 4450.

[614] The communication device 4400 is shown as having the configuration
illustrated in FIG. 44, for the convenience of description. Some modules may be added to or
omitted from the communication apparatus 4400. In addition, a module of the
communication apparatus 4400 may be divided into more modules. The processor 4410 is
configured to perform operations according to the embodiments of the present disclosure
described before with reference to the drawings. Specifically, for detailed operations of the

processor 4410, the descriptions of FIGS. 1 to 43 may be referred to.
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[615] The memory 4420 is connected to the processor 4410 and stores an Operating
System (OS), applications, program codes, data, etc. The RF module 4430, which is
connected to the processor 4410, upconverts a baseband signal to an RF signal or
downconverts an RF signal to a baseband signal. For this purpose, the RF module 4430
performs digital-to-analog conversion, amplification, filtering, and frequency upconversion
or performs these processes reversely. The display module 4440 is connected to the
processor 4410 and displays various types of information. The display module 4440 may be
configured as, not limited to, a known component such as a Liquid Crystal Display (LCD),
a Light Emitting Diode (LED) display, and an Organic Light Emitting Diode (OLED)
display. The Ul module 4450 is connected to the processor 4410 and may be configured
with a combination of known user interfaces such as a keypad, a touch screen, etc.

[616] The embodiments of the present invention described above are combinations of
elements and features of the present invention. The elements or features may be considered
selective unless otherwise mentioned. Each element or feature may be practiced without
being combined with other elements or features. Further, an embodiment of the present
invention may be constructed by combining parts of the elements and/or features. Operation
orders described in embodiments of the present invention may be rearranged. Some
constructions of any one embodiment may be included in another embodiment and may be
replaced with corresponding constructions of another embodiment. It is obvious to those
skilled in the art that claims that are not explicitly cited in each other in the appended claims
may be presented in combination as an embodiment of the present invention or included as
a new claim by a subsequent amendment after the application is filed.

[617] A specific operation described as performed by a BS may be performed by an
upper node of the BS. Namely, it is apparent that, in a network comprised of a plurality of
network nodes including a BS, various operations performed for communication with a UE
may be performed by the BS, or network nodes other than the BS. The term ‘BS’ may be
replaced with the term ‘fixed station’, ‘Node B’, ‘evolved Node B (eNode B or eNB)’,
‘Access Point (AP)’, etc.

[618] The embodiments of the present invention may be achieved by various means,
for example, hardware, firmware, software, or a combination thereof. In a hardware
configuration, the methods according to exemplary embodiments of the present invention
may be achieved by one or more Application Specific Integrated Circuits (ASICs), Digital
Signal Processors (DSPs), Digital Signal Processing Devices (DSPDs), Programmable

Logic Devices (PLDs), Field Programmable Gate Arrays (FPGAS), processors, controllers,
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microcontrollers, microprocessors, etc.

[619] In a firmware or software configuration, an embodiment of the present invention
may be implemented in the form of a module, a procedure, a function, etc. Software code
may be stored in a memory unit and executed by a processor. The memory unit is located at
the interior or exterior of the processor and may transmit and receive data to and from the
processor via various known means.

[620] Those skilled in the art will appreciate that the present invention may be carried
out in other specific ways than those set forth herein without departing from the spirit and
essential characteristics of the present disclosure. The above embodiments are therefore to
be construed in all aspects as illustrative and not restrictive. The scope of the disclosure
should be determined by the appended claims and their legal equivalents, not by the above
description, and all changes coming within the meaning and equivalency range of the

appended claims are intended to be embraced therein.

Industrial Applicability
[621] While the above-described method and apparatus for transmitting and receiving
an SSB have been described in the context of a 5G NewRAT system, they are applicable to

various wireless communication systems other than the NewRAT system.
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CLAIMS

[Claim 1] A method of receiving a synchronization signal block (SSB) by a

user equipment (UE) from a base station (BS) in a wireless communication system, the
method comprising:

receiving, from the BS, the SSB in a half frame among two half frames included
in a frame, wherein the SSB comprises a primary synchronization signal (PSS), a
secondary synchronization signal (SSS), and a physical broadcast channel (PBCH); and

receiving, from the BS, a demodulation reference signal (DMRS) in a resource
region of the PBCH,

wherein the DMRS comprises information about the half frame in which the SSB
is received, and

wherein SSB candidates available for transmission of the SSB are allocated with

a period of a half frame.

[Claim 2] The method according to claim 1, further comprising:

based on a number of SSB candidates in the half frame satisfying a first condition,

obtaining the information about the half frame from the DMRS.

[Claim 3] The method according to claim 1, further comprising:

based on a number of SSB candidates in the half frame satisfying a second

condition, the information about the half frame is not received in the DMRS.

[Claim 4] The method according to claim 3, wherein the information about the

half frame is received in a payload of the PBCH.

[Claim 5] The method according to claim 1, wherein receiving the DMRS

comprises receiving a sequence for the DMRS generated based on (i) a cell identifier (ID)

identifying a cell, (ii) an index of the SSB, and (iii) the information about the half frame.

[Claim 6] The method according to claim 1, wherein receiving the DMRS

72



comprises:
based on a number of SSB candidates in the half frame satisfying a first condition,
receiving a sequence for the DMRS generated by using a product between a specific value

of the information about the half frame and a value for the first condition.

[Claim 7] The method according to claim 1,

wherein a first set of sequences is configured for the DMRS, based on a number
of SSB candidates in the half frame satisfying a first condition,

wherein a second set of sequences is configured for the DMRS, based on the
number of SSB candidates satisfying a second condition, and

wherein the first set of sequences is included in the second set of sequences.

[Claim 8] The method according to claim 1, wherein the PBCH comprises, in

a payload of the PBCH, information about the frame in which the SSB is received.

[Claim 9] The method according to claim 1, wherein the information about the

half frame corresponds to one bit of a scrambling sequence of the PBCH.

[Claim 10] The method according to claim 1, wherein a scrambling sequence

of the PBCH is generated based on information about the frame.

[Claim 11] A user equipment (UE) configured to receive a synchronization

signal block (SSB) from a base station (BS) in a wireless communication system, the UE
comprising:

a transceiver;

at least one processor; and

at least one computer memory operably connectable to the at least one processor
and storing instructions that, when executed, causes the at least one processor to perform
operations comprising:

controlling the transceiver to receive, from the BS, the SSB in a half frame among
two half frames included in a frame, wherein the SSB comprises a primary
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synchronization signal (PSS), a secondary synchronization signal (SSS), and a physical
broadcast channel (PBCH); and

controlling the transceiver to receive, from the BS, a demodulation reference
signal (DMRYS) in a resource region of the PBCH,

wherein the DMRS comprises information about the half frame in which the SSB
Is received, and

wherein SSB candidates available for transmission of the SSB are allocated with

a period of a half frame.

[Claim 12] A method of transmitting a synchronization signal block (SSB)

by a base station (BS) to a user equipment (UE) in a wireless communication system, the
method comprising:

generating a demodulation reference signal (DMRS), wherein the DMRS
comprises information about a half-frame, among two half frames included in a frame, in
which the SSB is to be transmitted;

transmitting, to the UE, the SSB in the half frame among two half frames
included in a frame, wherein the SSB comprises a primary synchronization signal (PSS),
a secondary synchronization signal (SSS), and a physical broadcast channel (PBCH); and

transmitting, to the UE, the DMRS in a resource region of the PBCH,

wherein SSB candidates available for transmission of the SSB are allocated with

a period of a half frame.

[Claim 13] A base station (BS) configured to transmit a synchronization signal block

(SSB) to a user equipment (UE) in a wireless communication system, the BS comprising:
a transceiver;
at least one processor; and
at least one computer memory operably connectable to the at least one processor
and storing instructions that, when executed, causes the at least one processor to perform
operations comprising:
generating a demodulation reference signal (DMRS), wherein the DMRS
comprises information about a half-frame, among two half frames included in a frame, in
which the SSB is to be transmitted;
controlling the transceiver to transmit, to the UE, the SSB in a half frame among
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two half frames, wherein the SSB comprises a primary synchronization signal (PSS), a
secondary synchronization signal (SSS), and a physical broadcast channel (PBCH); and
controlling the transceiver to transmit, to the UE, the DMRS in a resource region
of the PBCH, and
wherein SSB candidates available for transmission of the SSB are allocated with

a period of a half frame.
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