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57 ABSTRACT

A method for transmitting and receiving a radio signal in a
wireless communication system and a device therefor are
disclosed. A method for receiving, by a base station, a
sounding reference signal (SRS) in the wireless communi-
cation system includes transmitting, to a user equipment
(UE), configuration information for transmission of the
SRS; and receiving, from the UE, the SRS transmitted based
on the configuration information. The configuration infor-
mation includes group hopping information and sequence
hopping information for sequence hopping of the SRS. A
sequence length of the SRS is based on a product of a
number of candidates of the group hopping information and
a number of candidates of the sequence hopping informa-
tion. The number of candidates of the group hopping infor-
mation and the number of candidates of the sequence
hopping information are configured based on a number of
neighboring cells of the base station.
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[Figure 4]
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[Figure 6]
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[Figure 11]
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METHOD FOR TRANSMITTING AND
RECEIVING SOUNDING REFERENCE
SIGNAL IN WIRELESS COMMUNICATION
SYSTEM AND APPARATUS THEREFOR

TECHNICAL FIELD

[0001] The present disclosure relates to a wireless com-
munication system, and more particularly to a method for
transmitting and receiving a sounding reference signal and a
device supporting the same.

BACKGROUND ART

[0002] Mobile communication systems have been gener-
ally developed to provide voice services while guaranteeing
user mobility. Such mobile communication systems have
gradually expanded their coverage from voice services
through data services up to high-speed data services. How-
ever, as current mobile communication systems suffer
resource shortages and users demand even higher-speed
services, development of more advanced mobile communi-
cation systems is needed.

[0003] The requirements of the next-generation mobile
communication system may include supporting huge data
traffic, a remarkable increase in the transfer rate of each user,
the accommodation of a significantly increased number of
connection devices, very low end-to-end latency, and high
energy efficiency. To this end, various techniques, such as
small cell enhancement, dual connectivity, massive multiple
input multiple output (MIMO), in-band full duplex, non-
orthogonal multiple access (NOMA), supporting super-wide
band, and device networking, have been researched.

DISCLOSURE

Technical Problem

[0004] The present disclosure proposes a method for trans-
mitting and receiving a sounding reference signal (SRS) in
a wireless communication system.

[0005] More specifically, the present disclosure proposes a
method of configuring a group hopping number and/or a
sequence hopping number in relation to generation and/or
hopping of a sequence for a SRS transmission.

[0006] The technical problems to be solved by the present
disclosure are not limited by the above-mentioned technical
problems, and other technical problems which are not men-
tioned above can be clearly understood from the following
description by those skilled in the art to which the present
disclosure pertains.

Technical Solution

[0007] In one aspect, there is provided a method for
receiving, by a base station, a sounding reference signal
(SRS) in a wireless communication system, the method
comprising transmitting, to a user equipment (UE), configu-
ration information for a transmission of the SRS; and
receiving, from the UE, the SRS transmitted based on the
configuration information, wherein the configuration infor-
mation includes group hopping information and sequence
hopping information for a sequence hopping of the SRS,
wherein a sequence length of the SRS is based on a product
of'a number of candidates of the group hopping information
and a number of candidates of the sequence hopping infor-
mation, wherein the number of candidates of the group
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hopping information and the number of candidates of the
sequence hopping information are configured based on a
number of neighboring cells of the base station.

[0008] The number of candidates of the sequence hopping
information configured when the number of neighboring
cells of the base station is equal to or greater than a preset
value may be configured to be greater than the number of
candidates of the sequence hopping information configured
when the number of neighboring cells of the base station is
less than a preset value.

[0009] The number of candidates of the group hopping
information configured when the number of neighboring
cells of the base station is equal to or greater than the preset
value may be configured to be less than the number of
candidates of the group hopping information configured
when the number of neighboring cells of the base station is
less than a preset value.

[0010] The method may further comprise transmitting, to
the UE, a UE group identifier related to the sequence
hopping of the SRS. An initial value of a scrambling
sequence for the sequence hopping of the SRS may be
configured based on the UE group identifier.

[0011] The UE group identifier may be configured depend-
ing on a received power for an uplink transmission of the UE
among a plurality of candidates.

[0012] The UE group identifier may be configured
depending on a sector of the base station, on which the UE
is located, among a plurality of candidates.

[0013] The method may further comprise transmitting, to
the UE, a specific downlink reference signal, and receiving,
from the UE, feedback information generated based on the
downlink reference signal. The UE group identifier may be
determined based on the feedback information.

[0014] The feedback information may be at least one of
the UE group identifier, a received power measured by the
downlink reference signal, and a SRS resource indicator
(SRI) related to the downlink reference signal.

[0015] The SRS resource indicator may represent a
resource of the SRS having a spatial quasi-co-location
(QCL) association with the downlink reference signal.
[0016] The group hopping information and the sequence
hopping information may be respectively configured based
on a group hopping pattern and a sequence hopping pattern
according to a slot index and a symbol index.

[0017] The group hopping pattern and the sequence hop-
ping pattern may be configured for the UE via a higher layer
signaling.

[0018] In another aspect, there is provided a base station
receiving a sounding reference signal (SRS) in a wireless
communication system, the base station comprising a radio
frequency (RF) unit configured to transmit and receive a
radio signal; and a processor functionally connected to the
RF unit, wherein the processor is configured to transmit, to
a user equipment (UE), configuration information for a
transmission of the SRS; and receive, from the UE, the SRS
transmitted based on the configuration information, wherein
the configuration information includes group hopping infor-
mation and sequence hopping information for a sequence
hopping of the SRS, wherein a sequence length of the SRS
is based on a product of a number of candidates of the group
hopping information and a number of candidates of the
sequence hopping information, wherein the number of can-
didates of the group hopping information and the number of
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candidates of the sequence hopping information are config-
ured based on a number of neighboring cells of the base
station.

[0019] In another aspect, there is provided a user equip-
ment (UE) transmitting a sounding reference signal (SRS) in
a wireless communication system, the UE comprising a
radio frequency (RF) unit configured to transmit and receive
a radio signal; and a processor functionally connected to the
RF unit, wherein the processor is configured to receive, from
a base station, configuration information for a transmission
of the SRS; and transmit, to the base station, the SRS based
on the configuration information, wherein the configuration
information includes group hopping information and
sequence hopping information for a sequence hopping of the
SRS, wherein a sequence length of the SRS is based on a
product of a number of candidates of the group hopping
information and a number of candidates of the sequence
hopping information, wherein the number of candidates of
the group hopping information and the number of candidates
of the sequence hopping information are configured based
on a number of neighboring cells of the base station.
[0020] The processor may be configured to receive, from
the base station, a UE group identifier related to the
sequence hopping of the SRS. An initial value of a scram-
bling sequence for the sequence hopping of the SRS may be
configured based on the UE group identifier.

[0021] The group hopping information and the sequence
hopping information may be respectively configured based
on a group hopping pattern and a sequence hopping pattern
according to a slot index and a symbol index.

Advantageous Effects

[0022] Embodiments of the present disclosure can reduce
inter-cell interference efficiently and adaptively when con-
figuring a group hopping number (i.e., sequence group
hopping number) and a sequence hopping number (i.e., base
sequence number) for SRS sequence transmission.

[0023] Embodiments of the present disclosure can
increase randomization of inter-cell interference and reduce
the inter-cell interference through a SRS sequence generated
based on a group hopping number and a sequence hopping
number configured according to embodiments of the present
disclosure.

[0024] Embodiments of the present disclosure can flexibly
configure a group hopping number and a sequence hopping
number of respective cells according to situations of the
network.

[0025] Effects obtainable from the present disclosure are
not limited by the effects mentioned above, and other effects
which are not mentioned above can be clearly understood
from the following description by those skilled in the art to
which the present disclosure pertains.

DESCRIPTION OF DRAWINGS

[0026] The accompanying drawings, which are included
to provide a further understanding of the present disclosure
and constitute a part of the detailed description, illustrate
embodiments of the present disclosure and together with the
description serve to explain the principle of the present
disclosure.

[0027] FIG. 1 illustrates an example of an overall structure
of' a new radio (NR) system according to some implemen-
tations of the present disclosure.
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[0028] FIG. 2 illustrates an example of a relationship
between an uplink (UL) frame and a downlink (DL) frame
in a wireless communication system according to some
implementations of the present disclosure.

[0029] FIG. 3 illustrates an example of a frame structure
in an NR system.

[0030] FIG. 4 illustrates an example of a resource grid
supported in a wireless communication system according to
implementations of the present disclosure.

[0031] FIG. 5 illustrates examples of resource grids for
each antenna port and numerology according to implemen-
tations of the present disclosure.

[0032] FIG. 6 illustrates an example of a self-contained
structure according to implementations of the present dis-
closure.

[0033] FIG. 7 illustrates a transceiver unit model in a
wireless communication system to which a method proposed
in the present disclosure is applicable.

[0034] FIG. 8 illustrates a hybrid beamforming structure
from the point of view of TXRU and physical antenna in a
wireless communication system to which a method proposed
in the present disclosure is applicable.

[0035] FIG. 9 illustrates an example of a beam sweeping
operation for a synchronization signal and system informa-
tion.

[0036] FIG. 10 illustrates an example of a method of
configuring a sounding reference signal (SRS) hopping
pattern in a LTE system.

[0037] FIG. 11 illustrates examples of network deploy-
ment of an existing system and a NR system.

[0038] FIG. 12 illustrates an example of classifying UE
group sequence IDs based on a location of a UE.

[0039] FIG. 13 is a flow chart illustrating an operation of
a UE transmitting a SRS in a wireless communication
system to which a method described in the present disclo-
sure is applicable.

[0040] FIG. 14 is a flow chart illustrating an operation of
a UE transmitting a SRS in a wireless communication
system to which a method described in the present disclo-
sure is applicable.

[0041] FIG. 15 illustrates a block configuration diagram of
a wireless communication device to which methods
described in the present disclosure are applicable.

[0042] FIG. 16 illustrates a block configuration diagram of
a communication device according to an embodiment of the
present disclosure.

[0043] FIG. 17 illustrates an example of a RF module of
a wireless communication device to which a method
described in the present disclosure is applicable.

[0044] FIG. 18 illustrates another example of a RF module
of a wireless communication device to which a method
described in the present disclosure is applicable.

MODE FOR INVENTION

[0045] Some implementations of the present disclosure
are described in detail with reference to the accompanying
drawings. A detailed description to be disclosed along with
the accompanying drawings is intended to describe some
exemplary implementations of the present disclosure and is
not intended to describe a sole implementation of the present
disclosure. The following detailed description includes more
details in order to provide full understanding of the present
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disclosure. However, those skilled in the art will understand
that the present disclosure may be implemented without
such more details.

[0046] In some cases, in order to prevent a concept of the
present disclosure from being ambiguous, known structures
and devices may be omitted or illustrated in a block diagram
format based on core functions of each structure and device.

[0047] In the present disclosure, a base station has the
meaning of a terminal node of a network over which the base
station directly communicates with a terminal. In this docu-
ment, a specific operation that is described to be performed
by a base station may be performed by an upper node of the
base station according to circumstances. That is, it is evident
that in a network including a plurality of network nodes
including a base station, various operations performed for
communication with a terminal may be performed by the
base station or other network nodes other than the base
station. The base station (BS) may be substituted with
another term, such as a fixed station, a Node B, an eNB
(evolved-NodeB), a base transceiver system (BTS), an
access point (AP), or generation NB (general NB, gNB).
Furthermore, the terminal may be fixed or may have mobil-
ity and may be substituted with another term, such as user
equipment (UE), a mobile station (MS), a user terminal
(UT), a mobile subscriber station (MSS), a subscriber station
(SS), an advanced mobile station (AMS), a wireless terminal
(WT), a machine-type communication (MTC) device, a
machine-to-Machine (M2M) device, or a device-to-device
(D2D) device.

[0048] Hereinafter, downlink (DL) means communication
from a base station to UE, and uplink (UL) means commu-
nication from UE to a base station. In DL, a transmitter may
be part of a base station, and a receiver may be part of UE.
In UL, a transmitter may be part of UE, and a receiver may
be part of a base station.

[0049] Specific terms used in the following description
have been provided to help understanding of the present
disclosure, and the use of such specific terms may be
changed in various forms without departing from the tech-
nical sprit of the present disclosure.

[0050] The following technologies may be used in a
variety of wireless communication systems, such as code
division multiple access (CDMA), frequency division mul-
tiple access (FDMA), time division multiple access
(TDMA), orthogonal frequency division multiple access
(OFDMA), single carrier frequency division multiple access
(SC-FDMA), and non-orthogonal multiple access (NOMA).
CDMA may be implemented using a radio technology, such
as universal terrestrial radio access (UTRA) or CDMA2000.
TDMA may be implemented using a radio technology, such
as global system for mobile communications (GSM)/general
packet radio service (GPRS)/enhanced data rates for GSM
evolution (EDGE). OFDMA may be implemented using a
radio technology, such as Institute of electrical and electron-
ics engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
(WiIMAX), IEEE 802.20, or evolved UTRA (E-UTRA).
UTRA is part of a universal mobile telecommunications
system (UMTS). 3rd generation partnership project (3GPP)
Long term evolution (LTE) is part of an evolved UMTS
(E-UMTS) using evolved UMTS terrestrial radio access
(E-UTRA), and it adopts OFDMA in downlink and adopts
SC-FDMA in uplink. LTE-advanced (LTE-A) is the evolu-
tion of 3GPP LTE.
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[0051] Implementations of the present disclosure may be
supported by the standard documents disclosed in at least
one of IEEE 802, 3GPP, or 3GPP2, that is, radio access
systems. That is, one or more features or portions of the
implementations of the present disclosure may be imple-
mented in accordance with such standard documents, even
if those specific features or portions are not expressly
disclosed herein. Furthermore, terms that are used in this
document may be described by the standard documents.
[0052] In the implementations described herein, 3GPP
LTE/LTE-A/New RAT (NR) is chiefly described, but the
technical characteristics of the present disclosure are not
limited thereto.

[0053] As propagation of smart phones and Internet of
things (IoT) terminals rapidly spreads, the amount of infor-
mation which is transmitted and received through a com-
munication network increases. Accordingly, in the next
generation wireless access technology, an environment (e.g.,
enhanced mobile broadband communication) that provides a
faster service to more users than existing communication
systems (or existing radio access technology) needs to be
considered.

[0054] To this end, a design of a communication system
that considers machine type communication (MTC) provid-
ing a service by connecting multiple devices and objects is
discussed. Further, a design of a communication system
(e.g., Ultra-Reliable and Low Latency Communication
(URLLC)) considering a service and/or a user equipment
sensitive to reliability and/or latency of communication is
also discussed.

[0055] Hereinafter, in this specification, for easy descrip-
tion, the next-generation wireless access technology is
referred to as a new radio access technology (RAT) (NR)
radio access technology and the wireless communication
system to which the NR is applied is referred to as an NR
system.

Definition of Terms

[0056] eLTE eNB: An eLTE eNB is an evolution of an
eNB that supports a connection for an EPC and an NGC.
[0057] gNB: A node for supporting NR in addition to a
connection with an NGC

[0058] New RAN: A radio access network that supports
NR or E-UTRA or interacts with an NGC

[0059] Network slice: A network slice is a network defined
by an operator so as to provide a solution optimized for a
specific market scenario that requires a specific requirement
together with an inter-terminal range.

[0060] Network function: A network function is a logical
node in a network infra that has a well-defined external
interface and a well-defined functional operation.

[0061] NG-C: A control plane interface used for NG2
reference point between new RAN and an NGC

[0062] NG-U: A user plane interface used for NG3 refer-
ence point between new RAN and an NGC

[0063] Non-standalone NR: A deployment configuration
in which a gNB requires an LTE eNB as an anchor for a
control plane connection to an EPC or requires an eLTE eNB
as an anchor for a control plane connection to an NGC
[0064] Non-standalone E-UTRA: A deployment configu-
ration an eLTE eNB requires a gNB as an anchor for a
control plane connection to an NGC.

[0065] User plane gateway: A terminal point of NG-U
interface
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[0066] General System

[0067] FIG. 1 illustrates an example of an overall structure
of' a new radio (NR) system according to some implemen-
tations of the present disclosure.

[0068] Referring to FIG. 1, an NG-RAN is composed of
gNBs that provide an NG-RA user plane (new AS sublayer/
PDCP/RLC/MAC/PHY) and a control plane (RRC) protocol
terminal for a UE (User Equipment).

[0069] The gNBs are connected to each other via an Xn
interface.

[0070] The gNBs are also connected to an NGC via an NG
interface.

[0071] More specifically, the gNBs are connected to a
Access and Mobility Management Function (AMF) via an
N2 interface and a User Plane Function (UPF) via an N3
interface.

[0072] New Rat (NR) Numerology and Frame Structure
[0073] In the NR system, multiple numerologies may be
supported. The numerologies may be defined by subcarrier
spacing and a CP (Cyclic Prefix) overhead. Spacing between
the plurality of subcarriers may be derived by scaling basic
subcarrier spacing into an integer N (or). In addition,
although a very low subcarrier spacing is assumed not to be
used at a very high subcarrier frequency, a numerology to be
used may be selected independent of a frequency band.
[0074] In addition, in the NR system, a variety of frame
structures according to the multiple numerologies may be
supported.

[0075] The numerology may be configured such that time/
frequency granularity is dynamically allocated according to
respective services (e.g., eMBB, URLLC, mMTC, etc.) and
scenarios (e.g., high speed, etc.).

[0076] Hereinafter, an Orthogonal Frequency Division
Multiplexing (OFDM) numerology and a frame structure,
which may be considered in the NR system, will be
described.

[0077] A plurality of OFDM numerologies supported in
the NR system may be defined as in Table 1.
TABLE 1

n Af = 2% - 15 [kHz] Cyclic prefix

0 15 Normal

1 30 Normal

2 60 Normal, Extended

3 120 Normal

4 240 Normal

[0078] Regarding a frame structure in the NR system, a
size of various fields in the time domain is expressed as a
multiple of a time unit of T,=1/(Af,, . Ny. In this case,
Af,,, =480-10°, and N=4096. DL and UL transmission is
configured as a radio frame having a section of T =(Af,,,,.N/
100)'T,=10 ms. The radio frame is composed of ten sub-
frames each having a section of T ~(Af,  N/1000)T=1
ms. In this case, there may be a set of UL frames and a set
of DL frames.

[0079] FIG. 2 illustrates an example of a relationship
between an uplink (UL) frame and a downlink (DL) frame
in a wireless communication system according to some
implementations of the present disclosure.

[0080] As illustrated in FIG. 2, a UL frame number I from
a User Equipment (UE) needs to be transmitted T,,=N,, T,
before the start of a corresponding DL frame in the UE.
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[0081] Regarding the numerology L, slots are numbered in
ascending order of n*E{0, . . ., Ny ppame =1} in a
subframe, and in ascending order of ng J“E{O, R
mem:]m’“—l} in a radio frame. One slot 1s composed of
continuous OFDM symbols of N, ,,,,*, and N ,,,,* is deter-
mined depending on a numerology in use and slot configu-
ration. The start of slots n} in a subframe is temporally
aligned with the start of OFDM symbols n/*N, " in the
same subframe.

[0082] Not all UEs are able to transmit and receive at the
same time, and this means that not all OFDM symbols in a
DL slot or an UL slot are available to be used.

[0083] Table 2 shows the number (NsymbSZO’) of OFDM
symbols per slot, the number (N,,;/7*"**") of slots per radio
frame, and the number (N, **7*"#) of slots per subframe
in normal CP, and Table 3 shows the number of OFDM
symbols per slot, the number of slots per radio frame, and
the number of slots per subframe in extended CP.

TABLE 2
n Nsymbslot N tfmme, n NSlmsubframe, n
0 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16
TABLE 3
n Nsymbslot N, tfmme, n NSlmsubframe, n
2 12 40 4

[0084] FIG. 3 illustrates an example frame structure in an
NR system. FIG. 3 is intended merely for illustration pur-
poses but not for limiting the scope of the disclosure.
[0085] Table 3 represents an example where u=2, i.e., the
subcarrier spacing (SCS) is 60 kHz. Referring to Table 2,
one subframe (or frame) may include four slots. The “1
subframe={1,2,4} slots” in FIG. 3 is an example, and the
number of slots that may be included in one subframe may
be defined as shown in Table 2.

[0086] The mini-slot may consist of 2, 4, or 7 symbols or
more or less symbols.

[0087] Regarding physical resources in the NR system, an
antenna port, a resource grid, a resource element, a resource
block, a carrier part, etc. may be considered.

[0088] Hereinafter, the above physical resources possible
to be considered in the NR system will be described in more
detail.

[0089] First, regarding an antenna port, the antenna port is
defined such that a channel over which a symbol on one
antenna port is transmitted can be inferred from another
channel over which a symbol on the same antenna port is
transmitted. When large-scale properties of a channel
received over which a symbol on one antenna port can be
inferred from another channel over which a symbol on
another antenna port is transmitted, the two antenna ports
may be in a QC/QCL (quasi co-located or quasi co-location)
association. Herein, the large-scale properties may include at
least one of delay spread, Doppler spread, Frequency shift,
average received power, and Received Timing.
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[0090] FIG. 4 illustrates an example of a resource grid
supported in a wireless communication system according to
implementations of the present disclosure.

[0091] Referring to FIG. 4, a resource grid is composed of
N,z"N, *Z subcarriers in a frequency domain, each sub-
frame composed of 14-2u OFDM symbols, but the present
disclosure is not limited thereto.

[0092] Inthe NR system, a transmitted signal is described
by one or more resource grids, composed of N *N_7*#
subcarriers, and 2“Nsymb(“) OFDM symbols Herein,
Ny z"=Ngz"*"". The above N, z"“"* indicates the maximum
transmission bandwidth, and it may change not just between
numerologies, but between UL and DL.

[0093] In this case, as illustrated in FIG. 5, one resource
grid may be configured for the numerology p and an antenna
port p.

[0094] FIG. 5 illustrates examples of resource grids for

each antenna port and numerology according to implemen-
tations of the present disclosure.

[0095] Each element of the resource grid for the numer-
ology p and the antenna port p is indicated as a resource
element, and may be uniquely identified by an index pair (k,
1) Herein, k=0, . . . , Ngz*N_%#-1 is an index in the
frequency domain, and =0, . . ., 2“Nsymb(”)—l indicates a
location of a symbol in a subframe. To indicate a resource
element in a slot, the index pair (k,I) is used. Herein, 1=0, .
oo Ngat-1

[0096] The resource element (k,I) for the numerology p
and the antenna port p corresponds to a complex value a;
12 When there is no risk of confusion or when a specific
antenna port or numerology is specified, the indexes p and
L may be dropped and thereby the complex value may
become akj(‘”) Or a ;.

[0097] The physical resource block is defined with
N, ®#=12 consecutive subcarriers in the frequency domain.
[0098] Point A plays a role as a common reference point
of the resource block grid and may be obtained as follows.

[0099] offsetToPointA for PCell downlink refers to the
frequency offset between point A and the lowest sub-
carrier of the lowest resource block overlapping the
SS/PBCH block used by the UE for initial cell selection
and is represented with resource block units assuming
a subcarrier interval of 15 kHz for FR1 and a subcarrier
interval of 60 kHz for FR2;

[0100] absoluteFrequencyPointA refers to the fre-
quency-position of point A expressed as in the absolute
radio-frequency channel number (ARFCN).

[0101] The common resource blocks are numbered up
from zero in the frequency domain for subcarrier spacing
configuration L.

[0102] The center of subcarrier 0 of common resource
block 0 for subcarrier spacing configuration p matches
‘point A.”. In the frequency domain, resource elements (k,1)
for common resource block number n.zz" and subcarrier
spacing configuration may be given as Equation 1 below.

| ko [Equation 1]
”‘éRB _ [WJ quation
[0103] Here, k may be defined relative to point A so that

k=0 corresponds to the subcarrier with point A centered. The
physical resource blocks are numbered from 0 to Ngpp,
##?~1 in the bandwidth part (BWP), and i is the number of
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the BWP. In BWP 1, the relationship between physical
resource block npz - and common resource block n.zz may
be given as Equation 2 below.

nerp=nprp+Npwe " [Equation 2]

[0104] Here, Ny, may be common resource blocks
in which the BWP starts relative to common resource block
0.

[0105] Self-Contained Structure

[0106] A time division duplexing (TDD) structure consid-
ered in an NR system is a structure in which both uplink
(UL) and downlink (DL) are processed in one subframe.
This is for minimizing the latency of data transmission in the
TDD system, and this structure is referred to as a self-
contained subframe structure.

[0107] FIG. 6 illustrates one example of a self-contained
structure according to implementations of the present dis-
closure. FIG. 6 is shown as an example, and does not limit
the scope of the present disclosure.

[0108] Referring to FIG. 6, it is assumed that one trans-
mission unit (e.g., slot or subframe) is constituted by 14
orthogonal frequency division multiplexing (OFDM) sym-
bols as in legacy LTE.

[0109] InFIG. 6, a region 602 refers to a downlink control
region and a region 604 refers to an uplink control region.
Further, a region (that is, a region without a separate
indication) other than the regions 602 and 604 may be used
for transmitting downlink data or uplink data.

[0110] That is, uplink control information and downlink
control information may be transmitted in one self-contained
slot. On the contrary, in the case of data, the uplink data or
downlink data may be transmitted in one self-contained slot.
[0111] When the structure illustrated in FIG. 6 is used, in
one self-contained slot, downlink transmission and uplink
transmission may sequentially proceed and transmission of
the downlink data and reception of uplink ACK/NACK may
be performed.

[0112] Consequently, when an error of data transmission
occurs, a time required for retransmitting data may be
reduced. Therefore, latency associated with data delivery
may be minimized.

[0113] In the self-contained slot structure illustrated in
FIG. 6, a time gap for a process of switching from a
transmission mode to a reception mode in a base station
(eNodeB, eNB, or gNB) and/or a terminal (user equipment
(UE)) or a process of switching from the reception mode to
the transmission mode is required. In association with the
time gap, when the uplink transmission is performed after
the downlink transmission in the self-contained slot, some
OFDM symbol(s) may be configured as a guard period (GP).
[0114] PUCCH Format in NR System

[0115] In the NR system, multiple PUCCH formats may
be defined by a duration and/or a payload size. For example,
the following Table 4 represents PUCCH formats considered
in the NR system.

start

TABLE 4
PUCCH
length in
OFDM Number
Format symbols of bits [Usage] Etc.
0 1-2 =2 HARQ, SR Sequence selection
1 4-14 =2 HARQ, [SR] Sequence modulation

(BPSK, QPSK)
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TABLE 4-continued

PUCCH
length in
OFDM Number
Format symbols of bits [Usage] Etc.
2 1-2 >2 HARQ, CSI, [CP-OFDM]
[SR]
3 4-14 [>N] HARQ, CSI, DFT-s-OFDM
[SR] (no UE multiplexing)
4 4-14 >2, [=N] HARQ, CSI, DFT-s-OFDM
[SR] (Pre DFT OCC)
[0116] Referring to FIG. 4, format 0 and format 2 may be

classified as short PUCCH, and format 1, format 3 and
format 4 may be classified as long PUCCH. In the NR
system, a transmit diversity scheme for PUCCH and simul-
taneous transmission of PUSCH and PUCCH may not be
supported.

[0117] NR Antenna Switching

[0118] The NR system can support inter-slot antenna
switching and intra-slot antenna switching. In the intra-slot
antenna switching, a guard period may be configured.
[0119] In IT2R (1 transmission 2 reception)/2T4R (2
transmission 4 reception), the UE may be configured with
two SRS resources consisting of one symbol or two sym-
bols. On the other hand, in 1T4R (1 transmission 4 recep-
tion), the UE may be configured with four SRS resources,
each of which consists of a single symbol and a single port.
[0120] Each port of the configured resource may be asso-
ciated with a different UE antenna.

[0121] Analog Beamforming

[0122] Since a wavelength is short in a millimeter wave
(mmW), multiple antenna elements can be installed in the
same size of area. That is, a wavelength in the frequency
band of 30 GHz is 1 cm, and thus a total of 64 (8x8) antenna
elements can be installed in two-dimensional arrangement at
intervals of 0.5 lambda (i.e., wavelength) on 4x4 (4 by 4) cm
panel. Therefore, in the mmW, the coverage can be enhanced
or a throughput can be increased by increasing a beamform-
ing (BF) gain using the multiple antenna elements.

[0123] In this case, when a transceiver unit (TXRU) is
installed so as to adjust transmission power or a phase for
each antenna element, independent beamforming is possible
for each frequency resource. However, a method for install-
ing the TXRU in all antenna elements (e.g., 100 antenna
elements) may be ineffective in terms of cost. As a result, a
method for mapping multiple antenna elements to one
TXRU and controlling a direction of a beam by using an
analog phase shifter may be considered. The aforementioned
analog beamforming method may generate only one beam
direction in all bands, so that a frequency selective beam
operation may not be performed.

[0124] As a result, hybrid beamforming with B TXRUs
that are fewer than Q antenna elements, in the form of an
intermediate form of digital beamforming and analog beam-
forming, may be considered. In this case, although there is
a difference depending on a connection method of B TXRUs
and Q antenna elements, the number of directions of the
beams that may be transmitted at the same time is limited to
B or less.

[0125] Hereinafter, representative examples of TXRUs
and antenna elements are described with reference to draw-
ings.
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[0126] FIG. 7 illustrates a transceiver unit model in a
wireless communication system to which a method proposed
in the present disclosure may be applied.

[0127] A TXRU virtualization model indicates a relation-
ship between the output signal of a TXRU and output signals
of antenna elements. The TXRU virtualization model may
be divided into a TXRU virtualization model option-1: a
sub-array partition model, as in FIG. 7(a), and a TXRU
virtualization model option-2: a full-connection model, as in
FIG. 7(b), depending on a correlation relationship between
the antenna elements and the TXRU.

[0128] Referring to FIG. 7(a), in the case of the sub-array
partition model, the antenna elements are partitioned into
multiple antenna element groups, and each TXRU is con-
nected to one of the groups. In this case, the antenna
elements are connected to only one TXRU.

[0129] Referring to FIG. 7(b), in the case of the full-
connection model, the signals of multiple TXRUs are com-
bined and transmitted to a single antenna element (or an
array of antenna elements). That is, FIG. 7(5) illustrates a
method in which TXRUs are connected to all antenna
elements. In this case, the antenna elements are connected to
all the TXRUs.

[0130] In FIG. 7, q is a transmission signal vector of
antenna elements having M co-polarizations within one
column. W is a wideband TXRU virtualization weight
vector. W indicates a phase vector multiplied by an analog
phase shifter. That is, the direction of analog beamforming
is determined by W. x is the signal vector of M_TXRU
TXRUs.

[0131] In this case, mapping between an antenna port and
the TXRUs may be 1-to-1 or 1-to-many.

[0132] In FIG. 7, the mapping (TXRU-to-element map-
ping) between the TXRU and the antenna element merely
illustrates one example, and the present disclosure is not
limited thereto. The present disclosure may be identically
applied to mapping between a TXRU and an antenna ele-
ment which may be implemented in various forms, from the
point of view of hardware.

[0133] Hybrid Beamforming

[0134] In the new RAT system, if multiple antennas are
used, a hybrid beamforming scheme in which digital beam-
forming and analog beamforming have been combined is
considered.

[0135] In this case, analog beamforming (or radio fre-
quency (RF) beamforming) means an operation of perform-
ing precoding (or combining) in an RF stage. In the hybrid
beamforming, each of a baseband stage and an RF stage
performs precoding (or combining). Accordingly, there are
advantages in that the number of RF chains and the number
of digital (D)/analog (A) (or A/D) converters can be reduced
and performance close to digital beamforming can also be
obtained.

[0136] The hybrid beamforming structure may be repre-
sented as N transceiver units (TXRUs) and M physical
antennas. Digital beamforming for L data layers which may
be transmitted in a transmission stage may be represented as
an N by L matrix. N digital signals that are subsequently
transformed are transformed into an analog signal through
the TXRUs. Thereafter, analog beamforming represented as
an M by N matrix is applied to the analog signal.

[0137] FIG. 8 illustrates an example of a hybrid beam-
forming structure from the point of view of TXRU and
physical antenna.
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[0138] Referring to FIG. 8, it is assumed that the number
of digital beams is L, and the number of analog beams is N.
[0139] The NR system considers a method of supporting
more efficient beamforming for UEs located in a specific
region by being designed so that a base station can change
analog beamforming on a per symbol basis. In addition, as
illustrated in FIG. 8, when N specific TXRUs and M RF
antennas are defined as one antenna panel, the NR system
considers a method of adopting a plurality of antenna panels
to which independent hybrid beamformings are applicable.
[0140] As described above, when the base station uses a
plurality of analog beams, analog beams that are advanta-
geous for signal reception may be different for each UE.
Therefore, a beam sweeping operation is considered, which
changes a plurality of analog beams to be applied by the base
station on a per symbol basis in a specific subframe (SF) at
least with respect to the synchronization signal, system
information, paging, etc. so that all the UEs can have a
reception opportunity.

[0141] FIG. 9 illustrates an example of a beam sweeping
operation for a synchronization signal and system informa-
tion.

[0142] Referring to FIG. 9, a physical resource (or physi-
cal channel) in which system information is transmitted in a
broadcasting manner in the New RAT is called a physical
broadcast channel (xPBCH).

[0143] In this case, analog beams belonging to different
antenna panels within one symbol may be transmitted at the
same time. In order to measure a channel according to an
analog beam, a method of introducing a beam reference
signal (BRS), that is, a reference signal to which a single
analog beam (corresponding to a specific antenna panel) is
applied and which is transmitted, as illustrated in FIG. 9, is
being discussed.

[0144] The BRS may be defined with respect to a plurality
of antenna ports. Each antenna port of the BRS may corre-
spond to one analog beam.

[0145] In this case, unlike the BRS, all analog beams
within an analog beam group may be applied to a synchro-
nization signal or xPBCH so that signals transmitted by
given UEs are well received, and the synchronization signal
or xPBCH may be transmitted.

[0146] Sequence Hopping

[0147] In a wireless communication system, sequence
hopping may be configured based on a group hopping
number (or sequence group number) and a sequence hop-
ping number (or base sequence number). The sequence
hopping number may refer to a number related to hopping
for a base sequence. The sequence hopping is described
below by taking as an example of the LTE system.

[0148] A root value related to the sequence hopping may
be set to be classified into a group hopping number u and a
sequence hopping number v, as represented by the following
Equation 3.

g=lg+ye v (-DP
7=NzB5(u+1)/31

[0149] In Equation 3, q denotes a root value.

[0150] The group hopping number u on a slot n, may be
defined by a group hopping pattern f_,(n,) and a sequence
shift pattern f,; according to the following Equation 4.

u=(fon(ns)+f;;)mod 30

[Equation 3]

[Equation 4]
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[0151] In this instance, there may be 17 different hopping
patterns and 30 different sequence shift patterns. A sequence
group hopping (i.e., group hopping) can be enabled or
disabled by means of the cell-specific parameter Group-
hopping-enabled provided by higher layers. Sequence-group
hopping for PUSCH can be disabled for a certain UE
through the higher layer parameter Disable-sequence-group-
hopping despite being enabled on a cell basis, unless the
PUSCH transmission corresponds to a random access
response grant or a retransmission of the same transport
block as part of a contention based random access proce-
dure.

[0152] The group hopping patter f,,(n,) may be different
for PUSCH, PUCCH and SRS and may be defined by the
following Equation 5.

Senlng) = [Equation 5]

0 if group hopping is disabled

(Z )
l!k c(8ns + i)-Z‘J! mod 30 if group hopping is enabled
i=0

[0153] In Equation 5, c(i) denotes a pseudo-random
sequence. A pseudo-random sequence generator may be
initialized with an initialization value C, ,, represented in the
following Equation 6 at the beginning of each radio frame.

[Equation 6]

[0154] For SRS, a sequence shift pattern s"SRS_ss may be
given by the following Equation 7.

[ SBS=p, RS mod 30 [Equation 7]
[0155] The sequence hopping may be applied only when
a length of a reference signal corresponds to the following
Equation 8.

M, RS26N, RE [Equation 8]
[0156] In condition of Equation 8, abase sequence number
v within abase sequence group on the slot n, may be given
by the following Equation 9.

y= [Equation 9]

{c(nx) if group hopping is disabled and sequence hopping is enabled

0 otherwise

[0157] In Equation 9, c(i) denotes a pseudo-random
sequence. The parameter Sequence-hopping-enabled pro-
vided by higher layers may determine whether or not the
sequence hopping is enabled.

[0158] On the other hand, in condition of the following
Equation 10, the base sequence number v within the base
sequence group may be given by v=0.

M, RS5<6N, RE [Equation 10]
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[0159] For SRS, the pseudo-random sequence generator
may be initialized with an initialization value C,,, repre-
sented in the following Equation 11 at the beginning of each
radio frame.

=[] 2ol 2 a0 (awaion 11
5]
[0160] In Equation 11, A,&{0, 1, . . ., 29} may be

cell-specifically configured by higher layers. In this case,
n"RS_ID may be Ncell_ID.

[0161] The pseudo-random sequence may be defined by a
length-31 Gold sequence. In this case, an output sequence
c(n) of length M, may be defined by the following Equa-
tion 12.

c(m)=(x (n+Nc)+x,(n+N))mod 2
X1 (r+31)=(x,(#+3)+x,(n))mod 2

X5 (+31)=(x5 (343 )+, (342 )+x5 (141 )+x5 (1) )mod 2 [Equation 12]
[0162] In Equation 12, N is 1600, and a first m-sequence
may be initialized with to x,(0)=1 and x,(n)=0, where n is
a positive integer of 1 to 30. A second m-sequence may be
initialized with a value depending on the application of the
sequence and may be given by the following Equation 13.

Comi=2i0”%(0)2} Equation 13
init =i=0 %2 q!

[0163]

[0164] Forthe LTE system, a SRS hopping operation may
be performed only upon periodic SRS triggering (e.g.,
triggering type 0). The allocation of SRS resources may be
provided according to a predefined hopping pattern. In this
case, a hopping pattern may be UE-specifically designated
to higher layer signalling (e.g., RRC signalling), and the
overlapping cannot be allowed.

[0165] The SRS is frequency-hopped using the hopping
pattern in each subframe in which the cell-specific and/or
UE-specific SRS is transmitted, and a start location on a
frequency domain of the SRS hopping and a hopping
formula may be interpreted through the following Equation
14.

Sounding Reference Signal (SRS) Hopping

[Equation 19]

D ——

|4ngrrc /msrs.p] mod Ny b <bpop
= ‘
i {Fplnsrs) + [4nrrc / msrs,p]imod Nj, - otherwise
Fiplnsgrs) =
{ | Vo |
I iﬂSRsmOd HZ/:bho Ny i iﬂSRsmOd HZ/:bho Ny i
| (N /2)] Y z 1+ ) i | if N even
!I Hb’:bhop Nps | 2115, :bhopr’ ]
i b1
| LNb/ZJ[nSRS /Hb/:bhopr/J if N, odd
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-continued
{ s
2Nsphg +2(Nsp — )| —= [ +

i sprg + 2lsp )[ 10J for2ms SRS periodicity of
nsks =1 | _Toser | frame structure type 2

i I;Tojfxerimax J

Il Ly x 10+ |ng/2])/ Tsgs ], otherwise
[0166] In Equation 14, ngs denotes a hopping ongoing

interval on a time domain, N, denotes the number of
branches allocated to tree level b, and b is determined by
Bz configuration in the dedicated RRC.

[0167] FIG. 10 illustrates an example of a method of
configuring a SRS hopping pattern in the LTE system. More
specifically, FIG. 10 illustrates an example of a hopping
pattern from slot n =1 to slot n.=4.

[0168] In FIG. 10, it is assumed that Cg~1, N'UL_
RB=100, n~=1, and n =1 via the cell-specific signalling (e.g.,
cell-specific RRC signalling). Further, for UEs A, B and C,
Bsgss buops Ngrres and Tegs may be configured via the
cell-specific signalling (e.g., cell-specific RRC signalling).
More specifically, the UE A may be configured such that
Bsrs=1; byo, =1, Ngr=22, and Tgx=10, the UE B may be
configured such that B, =2, b, =0, nzx~10, and T 35 =5,
and the UE C may be configured such that Bgzs=3, by, =2,
Npr~23, and T, ~2.

[0169] In the LTE system, root values using the group
hopping (i.e., sequence group hopping) and the sequence
hopping (i.e., base sequence hopping) may be classified
according to the above-described method. That is, if the
group hopping is enabled, among 30 candidate root values,
root values with low correlation, to which different c(n)
values scrambled to an identifier (ID) of each cell are applied
as the SRS transmission changes, may be configured.
[0170] For example, if the group hopping is disabled and
the sequence hopping is enabled, a base sequence number in
one cell may be configured to 0 by a scrambled value, and
a base sequence number of other cell may be configured to
1 after scrambling. In this instance, for fixed q,, . . . , Qs @
root value (i.e., q value) of one cell (a cell with a base
sequence number of 0) may be configured to one value of {
Qos - - - s oo} and a root value of other cell (a cell with a base
sequence number of 1) may be configured to one value of {
Qo+1, - . ., Quo+1}. In this case, as the SRS transmission
changes, the same root value may not be configured between
the two cells. However, when a length of the sequence is
equal to or greater than 60, the above-described method can
be established. Through such a method, inter-cell interfer-
ence between the SRSs may not occur strongly.

[0171] On the other hand, in the NR system, the SRS may
be transmitted in the precoded (i.e., beamformed) form, and
the cells may be installed more closely than an existing
system when a high frequency (e.g., mmWave, etc.) is used
as a system carrier.

[0172] FIG. 11 illustrates examples of network deploy-
ment of an existing system and a NR system. More specifi-
cally, (a) of FIG. 11 illustrates a network deployment in the
existing system (e.g., LTE system), and (b) of FIG. 11
illustrates a network deployment in the NR system.

[0173] Referring to (b) of FIG. 11, the NR system may
consider beamforming between a small cell, a base station,
and a UE. That is, as illustrated in (b) of FIG. 11, interfer-
ence between adjacent cells due to other cell may be
determined according to beamforming characteristics (e.g.,
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UE Tx beam width, beam direction, beam gain, etc.) of the
UE, deployment locations of the cells, locations of precoded
SRS transmission UEs deployed in the adjacent cells, and
the like.

[0174] The SRS transmission in the NR system may be
performed based on a method of UE-specifically configuring
and using a SRS identifier (ID) (i.e., ID of resource to which
the SRS is transmitted) in higher layer. For example, the
SRS ID may refer to n"RS_ID used for the group hopping
and/or the sequence hopping, and n"RS_ID may be config-
ured for each SRS resource using a SRS-sequence ID in a
UE-specific manner.

[0175] Considering this, in the NR system, a phenomenon
in which the inter-cell interference is randomized may occur.

[0176] In consideration of these problems, the present
disclosure proposes a method of efficiently configuring
group hopping and/or sequence hopping for serving cell UEs
using randomization of inter-cell interference (ICI) in line
with group hopping configuration and/or sequence hopping
configuration for UEs of adjacent cells causing large inter-
ference.

[0177] The following embodiments described in the pres-
ent disclosure are merely divided for convenience of expla-
nation, and thus it is apparent that a partial configuration,
etc, of any embodiment can be replaced by or combined with
configurations, etc. of other embodiments.

First Embodiment

[0178] A method may be considered, which configures an
initialization value (e.g., C,,;,) used for group hopping and
sequence hopping for sounding reference signal (SRS) trans-
mission on the network using an identifier (ID) based on a
UE group. Using the initialization value thus configured,
scrambling for the group hopping and the sequence hopping
for the SRS transmission may be performed.

[0179] Here, the group hopping may mean sequence hop-
ping between groups and may be referred to as sequence-
group hopping, etc. The sequence hopping may mean hop-
ping or shift for a base sequence and may be referred to as
base sequence hopping, base sequence shift, etc.

[0180] The identifier based on the UE group may refer to
an identifier for distinguishing the UE groups, and may
correspond to an identifier (e.g., UE group sequence ID) of
a sequence allocated to the UE group, and the like. In the
present disclosure, the identifier based on the UE group is
hereinafter referred to as a UE group sequence ID for
convenience of explanation.

[0181] The UE group sequence ID may be transmitted to
each UE via higher layer signaling (e.g., RRC signalling) in
a UE-specific manner. The UE group sequence IDs may be
classified as in the following examples, and this classifica-
tion manner may be predefined.

[0182] For example, the UE group sequence IDs may be
classified according to uplink (UL) received power. That is,
the UE group sequence IDs may be classified according to
spatially similar UL received power. The UL received power
may mean power at which the base station receives a signal
transmitted by the UE. The following Table 5 represents an
example of classitying the UE group sequence IDs accord-
ing to the UL received power.
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TABLE 5
UE Group UL Received
Sequence ID Power

-140 dBm~-100 dBm
-100 dBm~60 dBm
-60 dBm~-20 dBm
-20 dBm~20 dBm

W= O

[0183] As another example, the UE group sequence IDs
may be classified according to UEs on similar sectors.
[0184] FIG. 12 illustrates an example of classifying UE
group sequence IDs based on a location of a UE.

[0185] Referring to FIG. 12, it is assumed that locations of
the UEs supported by the base station are classified accord-
ing to four sectors. A UE group sequence ID (i.e., gID) #0,
a UE group sequence ID #1, a UE group sequence ID #2, and
a UE group sequence ID #3 may be configured for the four
sectors, respectively. That is, the same UE group sequence
ID may be allocated and/or configured to the UEs located on
the same sector.

[0186] To provide the UE group sequence ID to the UE, a
method of using values measured using a downlink refer-
ence signal (DL RS), etc. may be considered. That is, as the
base station transmits the DL RS to the UE, and the UE
transmits feedback information on the corresponding DL RS
to the base station, a UE group sequence ID may be
determined. The UE group sequence ID determined based
on this may be provided to the UE.

[0187] In this instance, the corresponding feedback infor-
mation may be the UE group sequence 1D itself, or DL
reception RSRP, and/or a SRS resource ID (SRI) of the SRS
with a spatial QCL association with the DL RS transmitted
by the base station. The base station may be configured to
provide the UEs in the corresponding cell with the UE group
sequence ID randomly from a corresponding UE group
sequence 1D set S={gID1, gID2, . . ., glDm}, as a default
value.

[0188] A group sequence ID for configuring an initializa-
tion value (e.g., C,,) used for the scrambling of a SRS
sequence may include a cell ID. For example, a group
sequence 1D n,,.;, may be defined by the following
Equation 15.

Hyoupip—8IDX2 n i [Equation 15]

[0189] In Equation 15, gID denotes the above-described
UE group sequence ID, n_,;;, denotes the cell ID (e.g., may
consist of 10 bits in the NR system), and n,,,,,,;» denotes the
above-described group sequence ID. In this instance, a
relationship represented in the following Equation 16 may
be established, and n"SRS_ID denotes a UE-specific
sequence ID.

n SRS =r, [Equation 16]

“grouplD
[0190] In this case, the above-described initialization
value may be defined by the following Equation 17.

Cinie=| 11" R5/30 ) 2% +(1,p R +A_)mod 30

[0191] Alternatively, the initialization value used for the
scrambling of the SRS sequence may be configured as a
combination of the UE-specific sequence ID, the group
sequence ID (e.g., 4-bit information), and/or the cell ID. For
example, the corresponding initialization value may be
defined by the following Equation 18.

[Equation 17]

init
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=|k30]-2%+(k+A_)mod 30

Cinit

k=ny,SR5x214

+gIDx2%%4n, 1 [Equation 18]

Second Embodiment

[0192] For each cell, it is assumed that the number of
group hopping numbers (i.e., group numbers) u is config-
ured to K, and the number of sequence hopping numbers
(i.e., base sequence numbers) v is configured to J. That is, K
denotes the number of candidates of the group hopping
number, and J denotes the number of candidates of the
sequence hopping number.

[0193] In this instance, a method of configuring the K
value and the J value considering a relationship between the
group hopping number and the sequence hopping number
and a length of a SRS sequence may be considered.
[0194] More specifically, the length of the SRS sequence
in each cell may be configured to be equal to or greater than
K*J or similar to K*J. That is, the K value and the ] value
may be configured so that the product of corresponding
values is similar to the length of the SRS sequence config-
ured for each cell.

[0195] On the contrary, compared to a configured smallest
sequence length of a SRS (only for Zadoff-Chu (ZC)
sequence), the K value and the J value may be configured so
that value of K*J is less than a length of the corresponding
sequence. For example, when the configured smallest
sequence length of the SRS is 84, the K value may be
configured to 40 and the J value may be configured to 2.
[0196] In the LTE system, the number of group hopping
numbers u may be configured to 30 (i.e., K is 30), and the
number of sequence hopping numbers v may be configured
up to 2 (ie., Jis 2, {0,1}) when group hopping is disabled.
However, only when the length of the sequence is 36 or
more (e.g., M,23N_*% or more), characteristics in which
the respective cells have a low correlated root value may be
established.

[0197] If a length of the SRS sequence configured to the
UE in any NR cell is configured to be greater than 36 (e.g.,
72 or more, M,26N,_*%), the number of group hopping
numbers u may be configured to further increase (e.g.,
K=60), thereby further increasing an inter-cell interference
randomization effect. If the group hopping is disabled, a
method of differently providing root values that are config-
urable in each cell may be considered by increasing the
number of sequence hopping numbers v (e.g., three, v={0,
1,2}).

[0198] For example, it is assumed that there are three cells
(cells A, B and C) on the network. For 30 group hopping
numbers (i.e., v={qy, q;, - - - , Qse}), the cell A may be
configured to u={qq, qi, . - - , Qao}, the cell B may be
configured to u={q,+1, q,+1, . . ., qso+1}, and the cell C
may be configured to u={qu+2, q,+2, . . ., qso+2} That is,
the group hopping numbers may be classified among the
cells. Hence, an inter-cell interference (ICI) effect between
the cells can decrease. However, this may be effective when
the smallest length of the sequence (only for ZC sequence)
allocated in each cell is considered to be 90 or more.
[0199] The network in which the density of the cells is
high and which focuses on a reduction in the ICI may prefer
a configuration that maximizes the number J of sequence
hopping numbers v. For example, when the smallest SRS ZC
sequence length in any cell is 84, and there are four cells
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around a corresponding serving cell, K may be configured to
20, and J may be configured to 4 (i.e., K*J=80<84).
[0200] On the other hand, the network in which the density
of the cells is low and which does not focus on the ICI and
focuses on the SRS transmission support of the more UEs of
each cell may prefer a configuration that minimizes the
number J of sequence hopping numbers v. For example,
when the smallest SRS ZC sequence length in any cell is 72,
and there is one cell around a corresponding serving cell, K
may be configured to 60, and J may be configured to 1 (i.e.,
K*J=60<72).

Third Embodiment

[0201] As described above, in the existing wireless com-
munication system (e.g., LTE system), the group hopping
number and the sequence hopping number were configured
only based on a slot index ns.

[0202] On the contrary, the NR system may consider a
method of configuring a group hopping number and a
sequence hopping number additionally considering a sym-
bol index 1' as well as a slot index, in order to improve a
randomization effect of inter-cell interference. More specifi-
cally, this embodiment proposes a method of configuring a
specific group hopping pattern function and a specific (base)
sequence hopping pattern function in order to configure a
group hopping number u(n,, ') and a sequence hopping
number v(n,, 1) for each cell.

[0203] In this instance, the specific group hopping pattern
function and the specific (base) sequence hopping pattern
function may be cell-specifically or UE-specifically pro-
vided for each cell. In this case, higher layer signalling (e.g.,
RRC signalling, MAC-CE), lower layer signalling (e.g.,
DCI), etc. may be used to provide or configure the corre-
sponding functions between a UE and a base station.
[0204] For example, a group hopping pattern function of
a cell A may be configured as in the following Equation 19.

|{ 7 s \I [Equation 19]
uslng ) =1 Zc nymb Xng +l ) 2 imod K ey
\izo )
(p) (p) ks
K =k Y KreMEm,
=0

[0205] In Equation 19, K__,, denotes the number of group
hopping numbers configured to the cell A, N"SRS_symb
denotes the number of symbols for SRS transmission, and
c(i) denotes a pseudo-random sequence. In addition, n; and
I' denote a slot index and a symbol index, respectively.
[0206] A group hopping pattern function of a cell B may
be configured as in the following Equation 20.

(7 A [Equation20]
ug(ng l') i Z c ny';i X + l’ + z) 2 imod Keeun
\izo )

[0207] In Equation 20, K__,;5 denotes the number of group
hopping numbers configured to the cell B, N"SRS_symb
denotes the number of symbols for SRS transmission, and
c(i) denotes a pseudo-random sequence. In addition, ns and
I' denote a slot index and a symbol index, respectively.
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[0208] In this instance, as methods of configuring the
group hopping number and the sequence hopping number
considering the slot index and the symbol index, the fol-
lowing methods 1 to 3 may be considered. Methods
described below are merely divided for convenience of
explanation, and thus it is apparent that a partial configura-
tion of any method can be replaced by or combined with
configurations of other methods.

[0209] Method 1

[0210] In order to configure different group hopping num-
bers (i.e., group numbers) and different sequence hopping
numbers (i.e., base sequence numbers) between cells with
large inter-cell interference (ICI), a method may be consid-
ered, which classifies and configures a set of group hopping
numbers u(n,, I') and a set of sequence hopping numbers
v(n,, 1.

[0211] For example, group hopping numbers and sequence
hopping numbers of two cells may be differently configured
at the same SRS transmission timing by respectively con-
figuring a group hopping number and a sequence hopping
number of a corresponding cell to u (n 1={u,, . . .,
Uyt and v, (0 N={v 0, . . ., V4y} and respectively
configuring a group hopping number and a sequence hop-
ping number of a cell causing large interference to uz(n,,1")
={Upos - s Uprepy} and vy IN={vg, . . ., Vgenpy)t- That
is, u (n,1)=uz(n,1) and v, (n1)=vz(n,,D).

[0212] In this instance, the base station may configure the
above-described group hopping number set and/or base
sequence number set to the UE via higher layer signalling,
etc. in a cell-specific or UE-specific manner.

[0213] If a group hopping pattern function and/or a
sequence hopping pattern function are used, when the UE
receives (i.e., is configured to) other values other than a set
configured to the UE, SRS transmission for the received
group hopping number and/or sequence hopping number
may be dropped. In this case, the UE may reuse the group
hopping number and/or the sequence hopping number con-
figured at a previous SRS transmission time and may be
configured to perform the SRS transmission. That is, the
group hopping number and/or the sequence hopping number
used at the previous SRS transmission time may be recon-

figured.
[0214] Method 2
[0215] In astate in which group hopping is disabled or off

and sequence hopping is enabled or on, a method may be
considered, which mutually configures, for each cell, a
relation of sequence hopping number sets configured
through sequence hopping patterns (i.e., base sequence
hopping patterns) v(n,, 1") of cells with large interference.
[0216] That is, in all the sequence hopping numbers v(n,,
D={ve, . . ., vy}, the cell A may be configured as
v, 1)={v,, ..., v,}, and the cell B may be configured as
vemIN={v,,, . . ., Vu;,}. Hence, the sequence hopping
numbers of the cells have a relation of v ,(n,1"=vz(n,1"). The
sequence hopping number set of each cell may be configured
via higher layer signalling.

[0217] For example, when the number J of all base
sequence numbers is configured to 6, the base sequence
number set of the cell A may be configured to {0,1,3}, and
the base sequence number set of the cell B may be config-
ured to {2,4,5}. In this instance, in a state in which the group
hopping is disabled and the sequence hopping is enabled,
root values (i.e., root values for SRS sequence generation) of
the two cells may always have different values.
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[0218] Method 3

[0219] In a state in which group hopping is disabled or off
and sequence hopping is enabled or on, a method may be
considered, which transmits information on sequence hop-
ping patterns between cells with large interference via X2
interface of the corresponding cell. Hence, the sequence
hopping numbers (i.e., base sequence numbers) for the cells
may be differently configured between the cells.

[0220] For example, when the cell A and the cell B
mutually receive a large interference effect, the cell A may
be configured to transmit its sequence hopping number
v 4(n,, 1') to the cell B via X2 interface, and the cell B may
be configured to transmit its sequence hopping number
vz(n,, 1) to the cell A via X2 interface. Hence, the sequence
hopping number of the cell A may be configured as in the
following Equation 21, and the sequence hopping number of
the cell B may be configured as in the following Equation
22.

vy, )={vo, . . . vy Wvpn,D) [Equation 21]

v, 1)={ve0, . . . Vo tVa(ngD) [Equation 22]

[0221] When a group hopping number (i.e., sequence
group hopping number) and a sequence hopping number
(i.e., base sequence number) for SRS sequence transmission
are configured through the methods described in the present
disclosure, there is an advantage in that inter-cell interfer-
ence can be reduced efficiently and adaptively. A SRS
sequence generated based on the group hopping number and
the sequence hopping number configured as described above
can increase randomization of inter-cell interference and
reduce inter-cell interference. That is, the group hopping
numbers and the sequence hopping numbers of the respec-
tive cells can be flexibly configured according to situations
of the network by using the above-described methods.

[0222] FIG. 13 is a flow chart illustrating an operation of
a UE transmitting a sounding reference signal (SRS) in a
wireless communication system to which a method
described in the present disclosure is applicable. FIG. 13 is
merely a figure for convenience of explanation, and does not
limit the range of the present disclosure.

[0223] Referring to FIG. 13, it is assumed that a UE and/or
a base station transmit and receive a SRS using sequence
hopping of the SRS based on the methods described in the
above embodiments.

[0224] First, the UE may receive, from the base station,
configuration information for transmission of the SRS in
S1305. The corresponding configuration information may
include group hopping information (e.g., the above-de-
scribed group hopping numbers) and sequence hopping
information (e.g., the above-described sequence hopping
numbers) for the sequence hopping of the SRS.

[0225] Next, the UE may transmit, to the base station, the
SRS based on the configuration information in S1310.

[0226] According to the above-described method (e.g.,
second embodiment), a sequence length of the SRS used for
the SRS transmission may be based on the product of the
number of candidates (e.g., the number K of above-de-
scribed group hopping numbers) of the group hopping
information and the number of candidates (e.g., the number
J of above-described sequence hopping numbers) of the
sequence hopping information. For example, the product of
the number of candidates of the group hopping information
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and the number of candidates of the sequence hopping
information may be similar to the sequence length of the
SRS.

[0227] In this case, the number of candidates of the group
hopping information and the number of candidates of the
sequence hopping information may be configured based on
the number of neighboring cells of the base station. For
example, the number of candidates of the group hopping
information and the number of candidates of the sequence
hopping information may be configured depending on a
density of cells belonging to a network, and the like.
[0228] More specifically, the number of candidates of the
sequence hopping information configured when the number
of neighboring cells of the base station is equal to or greater
than a preset value may be configured to be greater than the
number of candidates of the sequence hopping information
configured when the number of neighboring cells of the
corresponding base station is less than a preset value.
Further, the number of candidates of the group hopping
information configured when the number of neighboring
cells of the base station is equal to or greater than the preset
value may be configured to be less than the number of
candidates of the group hopping information configured
when the number of neighboring cells of the corresponding
base station is less than a preset value.

[0229] According to the above-described method (e.g.,
first embodiment), the corresponding UE may receive, from
the base station, a UE group identifier (ID) (e.g., the above-
described UE group sequence ID) related to sequence hop-
ping of the SRS. In this case, an initial value of scrambling
sequence for the sequence hopping of the SRS may be
configured based on the UE group sequence identifier. The
UE group sequence identifier may be configured depending
on received power for uplink transmission of the corre-
sponding UE among a plurality of candidates, and a sector
of the base station, on which the corresponding UE is
located, among the plurality of candidates.

[0230] The corresponding UE may receive, from the base
station, a specific downlink reference signal (DL RS) and
may transmit, to the base station, feedback information
generated based on the DL RS. In this case, the above-
described UE group identifier may be determined based on
the feedback information. The feedback information may be
at least one of the UE group identifier, received power
measured by the DL RS, and a SRS resource indicator (SRI)
related to the DL RS. In particular, the SRS resource
indicator may represent resources of the SRS having spatial
quasi-co-location (QCL) association with the DL RS.
[0231] According to the above-described method (e.g.,
third embodiment), the group hopping information and the
sequence hopping information may be configured based on
a group hopping pattern and a sequence hopping pattern
according to a slot index and a symbol index. In this case,
the group hopping pattern and the sequence hopping pattern
may be configured for the corresponding UE via higher layer
signaling.

[0232] Inthis regard, the corresponding UE may be imple-
mented as a device illustrated in FIGS. 15 and 16. Consid-
ering this, the operation illustrated in FIG. 13 and the UE
operation described in the present disclosure may be per-
formed by the device illustrated in FIGS. 15 and 16.
[0233] For example, a processor 1521 (and/or a processor
1610) may be configured to receive, from the base station,
the configuration information for the SRS transmission (step
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S1305). The processor 1521 (and/or the processor 1610)
may be configured to transmit, to the base station, the SRS
based on the configuration information (step S1310).
[0234] FIG. 14 is a flow chart illustrating an operation of
a UE transmitting a sounding reference signal (SRS) in a
wireless communication system to which a method
described in the present disclosure is applicable. FIG. 14 is
merely a figure for convenience of explanation, and does not
limit the range of the present disclosure.

[0235] Referring to FIG. 14, it is assumed that a UE and/or
a base station transmit and receive a SRS using sequence
hopping of the SRS based on the methods described in the
above embodiments.

[0236] First, the base station may transmit, to the UE,
configuration information for transmission of the SRS in
S1405. The corresponding configuration information may
include group hopping information (e.g., the above-de-
scribed group hopping numbers) and sequence hopping
information (e.g., the above-described sequence hopping
numbers) for the sequence hopping of the SRS.

[0237] Next, the base station may receive, from the UE,
the SRS transmitted based on the configuration information
in S1410.

[0238] Even in this case, according to the above-described
method (e.g., second embodiment), a sequence length of the
SRS used for the SRS transmission may be based on the
product of the number of candidates (e.g., the number K of
above-described group hopping numbers) of the group hop-
ping information and the number of candidates (e.g., the
number J of above-described sequence hopping numbers) of
the sequence hopping information. For example, the product
of the number of candidates of the group hopping informa-
tion and the number of candidates of the sequence hopping
information may be similar to the sequence length of the
SRS.

[0239] The number of candidates of the group hopping
information and the number of candidates of the sequence
hopping information may be configured based on the num-
ber of neighboring cells of the base station. For example, the
number of candidates of the group hopping information and
the number of candidates of the sequence hopping informa-
tion may be configured depending on a density of cells
belonging to a network, and the like.

[0240] More specifically, the number of candidates of the
sequence hopping information configured when the number
of neighboring cells of the base station is equal to or greater
than a preset value may be configured to be greater than the
number of candidates of the sequence hopping information
configured when the number of neighboring cells of the
corresponding base station is less than a preset value.
Further, the number of candidates of the group hopping
information configured when the number of neighboring
cells of the base station is equal to or greater than the preset
value may be configured to be less than the number of
candidates of the group hopping information configured
when the number of neighboring cells of the corresponding
base station is less than a preset value.

[0241] According to the above-described method (e.g.,
first embodiment), the base station may transmit, to the UE,
a UE group identifier (ID) (e.g., the above-described UE
group sequence ID) related to sequence hopping of the SRS.
In this case, an initial value of scrambling sequence for the
sequence hopping of the SRS may be configured based on
the UE group sequence identifier. The UE group sequence



US 2022/0140966 Al

identifier may be configured depending on received power
for uplink transmission of the corresponding UE among a
plurality of candidates, and a sector of the base station, on
which the corresponding UE is located, among the plurality
of candidates.

[0242] The corresponding base station may transmit, to
the UE, a specific downlink reference signal (DL RS) and
may receive, from the UE, feedback information generated
based on the DL RS. In this case, the above-described UE
group identifier may be determined based on the feedback
information. The feedback information may be at least one
of the UE group identifier, received power measured by the
DL RS, and a SRS resource indicator (SRI) related to the DL
RS. In particular, the SRS resource indicator may represent
resources of the SRS having spatial quasi-co-location (QCL)
association with the DL RS.

[0243] According to the above-described method (e.g.,
third embodiment), the group hopping information and the
sequence hopping information may be configured based on
a group hopping pattern and a sequence hopping pattern
according to a slot index and a symbol index. In this case,
the base station may configure the group hopping pattern
and the sequence hopping pattern to the UE via higher layer
signaling.

[0244] In this regard, the corresponding base station may
be implemented as a device illustrated in FIG. 15. Consid-
ering this, the operation illustrated in FIG. 14 and the base
station operation described in the present disclosure may be
performed by the device illustrated in FIG. 15.

[0245] For example, a processor 1511 may be configured
to transmit, to the UE, the configuration information for the
SRS transmission (step S405). The processor 1511 may be
configured to receive, from the UE, the SRS transmitted
based on the configuration information (step S1410).
[0246] When the UE and/or the base station operate as
illustrated in FIGS. 13 and 14, there is an advantage of being
able to transmit and receive the SRS while reducing the
inter-cell interference efficiently and adaptively.

[0247] Overview of Device to which the Present Disclo-
sure is Applicable

[0248] FIG. 15 illustrates a block configuration diagram of
a wireless communication device to which methods
described in the present disclosure are applicable.

[0249] Referring to FIG. 15, a wireless communication
system includes a base station 1510 and multiple UEs 1520
located in an area of the base station 1510.

[0250] The base station 1510 includes a processor 1511, a
memory 1512, and a radio frequency (RF) unit 1513. The
processor 1511 implements functions, processes, and/or
methods described in FIGS. 1 to 14. Layers of radio inter-
face protocol may be implemented by the processor 1511.
The memory 1512 is connected to the processor 1511 and
stores various types of information for driving the processor
1511. The RF unit 1513 is connected to the processor 1511
and transmits and/or receives radio signals.

[0251] For example, as described above, the processor
1511 may control the RF unit 1513 to transmit, to the UE,
configuration information for transmission of a SRS. The
configuration information may include group hopping infor-
mation and sequence hopping information for sequence
hopping of the SRS. A sequence length of the SRS may be
based on the product of the number of candidates of the
group hopping information and the number of candidates of
the sequence hopping information. The number of candi-
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dates of the group hopping information and the number of
candidates of the sequence hopping information may be
configured based on the number of neighboring cells of the
base station.

[0252] Next, the processor 1511 may control the RF unit
1513 to receive, from the UE, the SRS transmitted based on
the configuration information.

[0253] In this case, the number of candidates of the
sequence hopping information configured when the number
of neighboring cells of the base station is equal to or greater
than a preset value may be configured to be greater than the
number of candidates of the sequence hopping information
configured when the number of neighboring cells of the base
station is less than a preset value. Further, the number of
candidates of the group hopping information configured
when the number of neighboring cells of the base station is
equal to or greater than the preset value may be configured
to be less than the number of candidates of the group
hopping information configured when the number of neigh-
boring cells of the base station is less than a preset value.

[0254] The processor 1511 may control the RF unit 1513
to transmit, to the UE, a UE group identifier related to
sequence hopping of the SRS. In this case, an initial value
of scrambling sequence for the sequence hopping of the SRS
may be configured based on the UE group identifier. The UE
group identifier may be configured depending on received
power for uplink transmission of the UE among a plurality
of candidates, and a sector of the base station, on which the
UE is located, among the plurality of candidates.

[0255] The processor 1511 may control the RF unit 1513
to transmit, to the UE, a specific downlink reference signal
and to receive, from the UE, feedback information generated
based on the downlink reference signal. In this case, the UE
group identifier may be determined based on the feedback
information. The feedback information may be at least one
of the UE group identifier, received power measured by the
downlink reference signal, and a SRS resource indicator
(SRI) related to the downlink reference signal. In particular,
the SRS resource indicator may represent resources of the
SRS having spatial quasi-co-location (QCL) association
with the downlink reference signal.

[0256] The group hopping information and the sequence
hopping information may be configured based on a group
hopping pattern and a sequence hopping pattern according to
a slot index and a symbol index. The group hopping pattern
and the sequence hopping pattern may be configured for the
UE via higher layer signaling by the processor 1511 and the
RF unit 1513.

[0257] The UE 1520 includes a processor 1521, a memory
1522, and a RF unit 1523.

[0258] The processor 1521 implements functions, pro-
cesses, and/or methods described in FIGS. 1 to 14. Layers of
radio interface protocol may be implemented by the proces-
sor 1521. The memory 1522 is connected to the processor
1521 and stores various types of information for driving the
processor 1521. The RF unit 1523 is connected to the
processor 1521 and transmits and/or receives radio signals.
[0259] For example, as described above, the processor
1521 may control the RF unit 1523 to receive, from the base
station, configuration information for transmission of a SRS.
The configuration information may include group hopping
information and sequence hopping information for sequence
hopping of the SRS. A sequence length of the SRS may be
based on the product of the number of candidates of the
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group hopping information and the number of candidates of
the sequence hopping information. The number of candi-
dates of the group hopping information and the number of
candidates of the sequence hopping information may be
configured based on the number of neighboring cells of the
base station.

[0260] Next, the processor 1521 may control the RF unit
1523 to transmit, to the base station, the SRS based on the
configuration information.

[0261] In this instance, the number of candidates of the
sequence hopping information configured when the number
of neighboring cells of the base station is equal to or greater
than a preset value may be configured to be greater than the
number of candidates of the sequence hopping information
configured when the number of neighboring cells of the base
station is less than a preset value. Further, the number of
candidates of the group hopping information configured
when the number of neighboring cells of the base station is
equal to or greater than the preset value may be configured
to be less than the number of candidates of the group
hopping information configured when the number of neigh-
boring cells of the base station is less than a preset value.

[0262] The processor 1521 may control the RF unit 1523
to receive, from the base station, a UE group identifier
related to sequence hopping of the SRS. In this case, an
initial value of scrambling sequence for the sequence hop-
ping of the SRS may be configured based on the UE group
identifier. The UE group identifier may be configured
depending on received power for uplink transmission of the
UE among a plurality of candidates, and a sector of the base
station, on which the UE is located, among the plurality of
candidates.

[0263] The processor 1521 may control the RF unit 1523
to receive, from the base station, a specific downlink refer-
ence signal and to transmit, to the base station, feedback
information generated based on the downlink reference
signal. In this case, the UE group identifier may be deter-
mined based on the feedback information. The feedback
information may be at least one of the UE group identifier,
received power measured by the downlink reference signal,
and a SRS resource indicator (SRI) related to the downlink
reference signal. In particular, the SRS resource indicator
may represent resources of the SRS having spatial quasi-
co-location (QCL) association with the downlink reference
signal.

[0264] The group hopping information and the sequence
hopping information may be configured based on a group
hopping pattern and a sequence hopping pattern according to
a slot index and a symbol index. The group hopping pattern
and the sequence hopping pattern may be configured for the
UE via higher layer signaling.

[0265] The memories 1512 and 1522 may be inside or
outside the processors 1511 and 1521 and may be connected
to the processors 1511 and 1521 through various well-
known means.

[0266] For example, in a wireless communication system
supporting low latency services, the UE may include a radio
frequency (RF) unit for transmitting and receiving a radio
signal and a processor functionally connected to the RF unit,
in order to transmit and receive downlink (DL) data.

[0267] Further, the base station 1510 and/or the UE 1520
may have a single antenna or multiple antennas.
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[0268] FIG. 16 illustrates a block configuration diagram of
a communication device according to an embodiment of the
present disclosure.

[0269] In particular, FIG. 16 illustrates in more detail the
UE illustrated in FIG. 15.

[0270] Referring to FIG. 16, the UE may include a pro-
cessor (or digital signal processor (DSP)) 1610, an RF
module (or RF unit) 1635, a power management module
1605, an antenna 1640, a battery 1655, a display 1615, a
keypad 1620, a memory 1630, a subscriber identification
module (SIM) card 1625 (which is optional), a speaker
1645, and a microphone 1650. The UE may also include a
single antenna or multiple antennas.

[0271] The processor 1610 implements functions, pro-
cesses, and/or methods described in FIGS. 1 to 14. Layers of
a radio interface protocol may be implemented by the
processor 1610.

[0272] The memory 1630 is connected to the processor
1610 and stores information related to operations of the
processor 1610. The memory 1630 may be inside or outside
the processor 1610 and may be connected to the processors
1610 through various well-known means.

[0273] A user inputs instructional information, such as a
telephone number, for example, by pushing (or touching)
buttons of the keypad 1620 or by voice activation using the
microphone 1650. The processor 1610 receives and pro-
cesses the instructional information to perform an appropri-
ate function, such as to dial the telephone number. Opera-
tional data may be extracted from the SIM card 1625 or the
memory 1630. Further, the processor 1610 may display
instructional information or operational information on the
display 1615 for the user’s reference and convenience.
[0274] The RF module 1635 is connected to the processor
1610 and transmits and/or receives a RF signal. The pro-
cessor 1610 forwards instructional information to the RF
module 1635 in order to initiate communication, for
example, transmit a radio signal configuring voice commu-
nication data. The RF module 1635 consists of a receiver and
a transmitter to receive and transmit the radio signal. The
antenna 1640 functions to transmit and receive the radio
signal. Upon reception of the radio signal, the RF module
1635 may forward a signal to be processed by the processor
1610 and convert the signal into a baseband. The processed
signal may be converted into audible or readable informa-
tion output via the speaker 1645.

[0275] FIG. 17 illustrates an example of a RF module of
a wireless communication device to which a method
described in the present disclosure is applicable.

[0276] More specifically, FIG. 17 illustrates an example of
an RF module that can be implemented in a frequency
division duplex (FDD) system.

[0277] First, in a transmission path, the processor
described in FIGS. 17 and 18 processes data to be transmit-
ted and provides an analog output signal to a transmitter
1710.

[0278] In the transmitter 1710, the analog output signal is
filtered by a low pass filter (LPF) 1711 to remove images
caused by a digital-to-analog conversion (ADC), is up-
converted from a baseband to an RF by an up-converter
(mixer) 1712, and is amplified by a variable gain amplifier
(VGA) 1713. The amplified signal is filtered by a filter 1714,
is additionally amplified by a power amplifier (PA) 1715, is
routed through duplexer(s) 1750/antenna switch(es) 1760,
and is transmitted through an antenna 1770.
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[0279] Further, in a reception path, the antenna 1770
receives signals from the outside and provides the received
signals, and the signals are routed through the antenna
switch(es) 1760/duplexers 1750 and are provided to a
receiver 1720.

[0280] Inthe receiver 1720, the received signals are ampli-
fied by a low noise amplifier (LNA) 1723, are filtered by a
bans pass filter 1724, and are down-converted from the RF
to the baseband by a down-converter (mixer) 1725.

[0281] The down-converted signal is filtered by a low pass
filter (LPF) 1726 and is amplified by a VGA 1727 to obtain
an analog input signal, and the analog input signal is
provided to the processor described in FIGS. 15 and 16.
[0282] Further, a local oscillator (LO) generator 1740
generates transmitted and received LO signals and provides
them to each of the up-converter 1712 and the down-
converter 1725.

[0283] In addition, a phase locked loop (PLL) 1730
receives control information from the processor in order to
generate the transmitted and received LO signals at appro-
priate frequencies and provides control signals to the LO
generator 1740.

[0284] The circuits illustrated in FIG. 17 may be arranged
differently from the configuration illustrated in FIG. 17.
[0285] FIG. 18 illustrates another example of a RF module
of a wireless communication device to which a method
described in the present disclosure is applicable.

[0286] More specifically, FIG. 18 illustrates an example of
an RF module that can be implemented in a time division
duplex (TDD) system.

[0287] A transmitter 1810 and a receiver 1820 of the RF
module in the TDD system have the same structure as the
transmitter and the receiver of the RF module in the FDD
system.

[0288] Only the structure of the RF module of the TDD
system that differs from the RF module of the FDD system
will be described below, and the same structure refers to the
description of FIG. 17.

[0289] A signal amplified by a power amplifier (PA) 1815
of the transmitter 1810 is routed through a band select switch
1850, a band pass filter (BPF) 1860, and antenna switch(es)
1870 and is transmitted via an antenna 1880.

[0290] Further, in a reception path, the antenna 1880
receives signals from the outside and provides the received
signals, and the signals are routed through the antenna
switch(es) 1870, the band pass filter 1860, and the band
select switch 1850 and are provided to the receiver 1820.

[0291] In the embodiments described above, the compo-
nents and the features of the present disclosure are combined
in a predetermined form. Each component or feature should
be considered as an option unless otherwise expressly stated.
Each component or feature may be implemented not to be
associated with other components or features. Furthermore,
the embodiment of the present disclosure may be configured
by associating some components and/or features. The order
of the operations described in the embodiments of the
present disclosure may be changed. Some components or
features of any embodiment may be included in another
embodiment or replaced with the component and the feature
corresponding to another embodiment. It is apparent that the
claims that are not expressly cited in the claims are com-
bined to form an embodiment or be included in a new claim
by an amendment after the application.
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[0292] The embodiments of the present disclosure may be
implemented by hardware, firmware, software, or combina-
tions thereof. In the case of an implementation by hardware,
according to hardware implementation, the exemplary
embodiment described herein may be implemented by using
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,
micro-controllers, microprocessors, and the like.

[0293] In the case of an implementation by firmware or
software, the embodiment of the present disclosure may be
implemented in the form of a module, a procedure, a
function, and the like to perform the functions or operations
described above. A software code may be stored in the
memory and executed by the processor. The memory may be
positioned inside or outside the processor and may transmit
and receive data to/from the processor by already various
means.

[0294] It is apparent to those skilled in the art that the
present disclosure may be embodied in other specific forms
without departing from essential characteristics of the pres-
ent disclosure. Accordingly, the aforementioned detailed
description should not be construed as restrictive in all terms
and should be exemplarily considered. The scope of the
present disclosure should be determined by rational constru-
ing of the appended claims and all modifications within an
equivalent scope of the present disclosure are included in the
scope of the present disclosure.

INDUSTRIAL APPLICABILITY

[0295] Although the present disclosure has described a
method for transmitting and receiving a sounding reference
signal in a wireless communication system focusing on
examples applying to the 3GPP LTE/LTE-A system and the
5G system (New RAT system), the present disclosure can be
applied to various wireless communication systems other
than them.

1. A method for receiving, by a base station, a sounding
reference signal (SRS) in a wireless communication system,
the method comprising:

transmitting, to a user equipment (UE), configuration

information for a transmission of the SRS; and
receiving, from the UE, the SRS transmitted based on the
configuration information,

wherein the configuration information includes group

hopping information and sequence hopping informa-
tion for a sequence hopping of the SRS,

wherein a sequence length of the SRS is based on a

product of a number of candidates of the group hopping
information and a number of candidates of the
sequence hopping information,

wherein the number of candidates of the group hopping

information and the number of candidates of the
sequence hopping information are configured based on
a number of neighboring cells of the base station.

2. The method of claim 1, wherein the number of candi-
dates of the sequence hopping information configured when
the number of neighboring cells of the base station is equal
to or greater than a preset value is configured to be greater
than the number of candidates of the sequence hopping
information configured when the number of neighboring
cells of the base station is less than a preset value.
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3. The method of claim 2, wherein the number of candi-
dates of the group hopping information configured when the
number of neighboring cells of the base station is equal to or
greater than the preset value is configured to be less than the
number of candidates of the group hopping information
configured when the number of neighboring cells of the base
station is less than a preset value.

4. The method of claim 1, further comprising transmitting,
to the UE, a UE group identifier related to the sequence
hopping of the SRS,

wherein an initial value of a scrambling sequence for the

sequence hopping of the SRS is configured based on
the UE group identifier.

5. The method of claim 4, wherein the UE group identifier
is configured depending on a received power for an uplink
transmission of the UE among a plurality of candidates.

6. The method of claim 4, wherein the UE group identifier
is configured depending on a sector of the base station, on
which the UE is located, among a plurality of candidates.

7. The method of claim 4, further comprising:

transmitting, to the UE, a specific downlink reference

signal; and

receiving, from the UE, feedback information generated

based on the downlink reference signal,

wherein the UE group identifier is determined based on

the feedback information.

8. The method of claim 7, wherein the feedback infor-
mation is at least one of the UE group identifier, a received
power measured by the downlink reference signal, and a
SRS resource indicator (SRI) related to the downlink refer-
ence signal.

9. The method of claim 8, wherein the SRS resource
indicator represents a resource of the SRS having a spatial
quasi-co-location (QCL) association with the downlink ref-
erence signal.

10. The method of claim 1, wherein the group hopping
information and the sequence hopping information are
respectively configured based on a group hopping pattern
and a sequence hopping pattern according to a slot index and
a symbol index.

11. The method of claim 10, wherein the group hopping
pattern and the sequence hopping pattern are configured for
the UE via a higher layer signaling.

12. A base station receiving a sounding reference signal
(SRS) in a wireless communication system, the base station
comprising:

a radio frequency (RF) unit configured to transmit and

receive a radio signal; and

a processor functionally connected to the RF unit,
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wherein the processor is configured to:

transmit, to a user equipment (UE), configuration infor-

mation for a transmission of the SRS; and

receive, from the UE, the SRS transmitted based on the

configuration information,

wherein the configuration information includes group

hopping information and sequence hopping informa-
tion for a sequence hopping of the SRS,

wherein a sequence length of the SRS is based on a

product of a number of candidates of the group hopping
information and a number of candidates of the
sequence hopping information,

wherein the number of candidates of the group hopping

information and the number of candidates of the
sequence hopping information are configured based on
a number of neighboring cells of the base station.

13. A user equipment (UE) transmitting a sounding ref-
erence signal (SRS) in a wireless communication system,
the UE comprising:

a radio frequency (RF) unit configured to transmit and

receive a radio signal; and

a processor functionally connected to the RF unit,

wherein the processor is configured to:

receive, from a base station, configuration information for

a transmission of the SRS; and

transmit, to the base station, the SRS based on the

configuration information,

wherein the configuration information includes group

hopping information and sequence hopping informa-
tion for a sequence hopping of the SRS,

wherein a sequence length of the SRS is based on a

product of a number of candidates of the group hopping
information and a number of candidates of the
sequence hopping information,

wherein the number of candidates of the group hopping

information and the number of candidates of the
sequence hopping information are configured based on
a number of neighboring cells of the base station.

14. The UE of claim 13, wherein the processor is con-
figured to receive, from the base station, a UE group
identifier related to the sequence hopping of the SRS,

wherein an initial value of a scrambling sequence for the

sequence hopping of the SRS is configured based on
the UE group identifier.

15. The UE of claim 13, wherein the group hopping
information and the sequence hopping information are
respectively configured based on a group hopping pattern
and a sequence hopping pattern according to a slot index and
a symbol index.



