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TRANSMISSION OF UPLINK SOUNDING
REFERENCE SIGNAL

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO PRIOR
APPLICATIONS

The present application claims priority under 35 U.S.C.
§ 119 to Korean Patent Application No. 10-2012-00622778
(filed on Jun. 11, 2012), Korean Patent Application No.
10-2012-0096443 (filed on Aug. 31, 2012), and Korean
Patent Application No. 10-2012-0141262 (filed on Dec. 6,
2012), which are hereby incorporated by reference 1n their
entirety.

BACKGROUND

The present [invention] disclosure relates to a physical
uplink channel, and particularly, to transmission of uplink
sounding reference signal.

In a coordinated multi-point transmission/reception sys-
tem (CoMP system), at least two of transmission and recep-
tion points cooperate with each other to transmit signals.
Such a CoMP system measures an uplink channel state for
uplink frequency-dependent schedule and measures an
uplink/downlink channel for downlink beam-forming using,
channel reciprocity. In order to measure the uplink channel
state and the uplink/downlink channel, transmission of a
sounding reference signal (SRS) 1s required.

SUMMARY

In accordance with at least one embodiment, a method
may be provided for transmitting an uplink sounding refer-
ence signal (SRS) 1 user equipment (UE). The method may
include receiving UE-specific configuration information
indicating an uplink reference signal identity from one
[transmission/reception point] of a plurality of [different]
transmission/reception points, wherein the uplink reference
signal 1dentity 1s independent of a physical cell identity of
the one transmission/reception point and 1s associated with
an uplink channel; transmitting the uplink channel to a
transmission/reception point imdicated by the uplink refer-
ence signal identity, using the uplink reference signal 1den-
tity; generating a sounding reference signal (SRS) indepen-
dent of (or independently from) the uplink channel, using the
physical cell identity of the one transmission/reception
point; and transmitting the generated SRS to the one trans-
mission/reception point.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The generating an SRS may include
generating both the periodic SRS and the aperiodic SRS
using the physical cell identity of the one transmission/
reception point. The transmitting the generated SRS may
include transmitting one of the periodic SRS and the ape-
riodic SRS to the one transmission/reception point indicated
by the physical cell identity.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The generating an SRS may include
generating one of the periodic SRS and the aperiodic SRS

10

15

20

25

30

35

40

45

50

55

60

65

2

using the physical cell i1dentity of the one transmission/
reception point, and the other SRS using the uplink reference
signal 1dentity. The transmitting the generated SRS may
include transmitting one of the periodic SRS and the ape-
riodic SRS to the one transmission/reception point, and
transmitting the other SRS to the transmission/reception
point indicated by the uplink reference signal 1dentity.

The uplink channel may be at least one of a physical
uplink shared channel and a physical uplink control channel.

The recerving UE-specific configuration information may
include receiving the UE-specific configuration information
cither through a UE-specific parameter, or dynamically

through at least one of a physical downlink control channel
(PDCCH) and an enhanced physical downlink control chan-

nel (EPDCCH).

In accordance with another embodiment, a method may
be provided for transmitting an uplink sounding reference
signal (SRS) 1n user equipment (UE). The method may
include receiving UE-specific configuration information
indicating a sounding reference signal (SRS) identity from
one [transmission/reception point] of a plurality of [differ-
ent] transmission/reception points, wherein the SRS identity
1s independently distinguished from an uplink reference
signal identity for an uplink channel; generating an SRS
using the SRS 1dentity; and transmitting the generated SRS
to a transmission/reception point indicated by the SRS
identity.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The UE-specific configuration informa-
tion 1ndicating the SRS 1dentity may indicate a same refer-
ence signal i1dentity for each of the periodic SRS and the
aperiodic SRS.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The UE-specific configuration informa-
tion [indicating the SRS identity] may indicate a different
reference signal 1dentity for each of the periodic SRS and the
aperiodic SRS.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The generating an SRS may include
generating one of the periodic SRS and the aperiodic SRS
using the SRS i1dentity, and generating the other SRS using
the physical cell identity of the one transmission/reception
point. The transmitting the generated SRS may include
transmitting one of the periodic SRS and the aperiodic SRS
to the transmission/reception point indicated by the SRS
identity, and transmitting the other SRS to the one trans-
mission/reception point.

The uplink channel may be at least one of a physical
uplink shared channel and a physical uplink control channel.

The recerving UE-specific configuration information may
include receiving the UE-specific configuration information
either through a UE-specific parameter, or dynamically

through at least one of a physical downlink control channel
(PDCCH) and an enhanced physical downlink control chan-

nel (EPDCCH).

In accordance with still another embodiment, user equip-
ment may be provided. The user equipment may include a
[receiving unit] receiver configured to receive UE-specific
configuration information indicating an uplink reference
signal identity from one [transmission/reception point of]
among a plurality of [different] transmission/reception
points, wherein the uplink reference signal identity 1s inde-
pendent of a physical cell identity of the one transmission/
reception point and 1s associated with an uplink channel; an
uplink channel [transmission unit] transmitter configured to
transmit the uplink channel to a transmission/reception point
indicated by the uplink reference signal identity, using the
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uplink reference signal identity; an SRS generating unit
configured to generate a sounding reference signal (SRS)
being independent of (e.g., separately from) the uplink
channel, using a physical cell identity of the one transmis-
sion/reception point; and an SRS transmitting unit config-
ured to transmit the generated SRS to the one transmaission/
reception point.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The SRS generating unit may be config-
ured to generate both the periodic SRS and the aperiodic
SRS using the physical cell identity of the one transmission/
reception point. The SRS transmitting unit may be config-
ured to transmit one of the periodic SRS and the aperiodic
SRS to the one transmission/reception point indicated by the
physical cell 1dentity.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The SRS generating unit may be config-
ured to generate one of the periodic SRS and the aperiodic
SRS using the physical cell identity of the one transmission/
reception point, and to generate the other SRS using the
uplink reference signal identity. The SRS transmitting unit
may be configured to transmit one of the periodic SRS and
the aperiodic SRS to the one transmission/reception point,
and to transmit the other SRS to the transmission/reception
point indicated by the uplink reference signal identity.

The uplink channel may be at least one of a physical
uplink shared channel and a physical uplink control channel.

The rece1rving unit may be configured to receive informa-
tion for the UE-specific configuration information through a
UE-specific parameter, or to dynamically recerve through at
least one of a physical downlink control channel (PDCCH)
and an enhanced physical downlink control channel
(EPDCCH).

In accordance with still another embodiment, user equip-
ment may be provided. The user equipment may include a
[receiving unit] receiver configured to receive UE-specific
configuration information indicating a sounding reference
signal (SRS) identity from one [transmission/reception point
of] among a plurality of [different] transmission/reception
points, wherein the SRS identity is [independently distin-
guished] an independent identify distinguished from an
uplink reference signal identity for an uplink channel; a
[control unit] controller configured to generate an SRS using
the uplink reference signal identity; and a [transmitting unit]
transmitter configured to transmit the generated SRS to a
transmission/reception point indicated by the SRS identity.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The UE-specific configuration informa-
tion [indicating the SRS identity] may indicate a same
reference signal identity for the periodic SRS and the
aperiodic SRS.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The UE-specific configuration informa-
tion [indicating the SRS identity] may indicate a different
reference signal identity for the periodic SRS and the
aperiodic SRS.

The SRS may include at least one of a periodic SRS and
an aperiodic SRS. The [control unit] cortroller may be
configured to generate one ol the periodic SRS and the
aperiodic SRS using the SRS 1dentity, and to generate the
other SRS using the physical cell identity of the one trans-
mission/reception point. The [transmitting unit] transmitter
may be configured to transmit one of the periodic SRS and
the aperiodic SRS to the transmission/reception point 1ndi-
cated by the SRS 1dentity, and to transmit the other SRS to
the one transmission/reception point.
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The uplink channel may be at least one of a physical
uplink shared channel and a physical uplink control channel.
The [receiving unit] receiver may be configured to receive
information for the UE-specific configuration information
through a UE-specific parameter, or to dynamically receive
through at least one of a physical downlink control channel

(PDCCH) and an enhanced physical downlink control chan-
nel (EPDCCH).

In accordance with still another embodiment, a method
may be provided for transmitting an uplink reference signal
in user equipment (UE). The method may include receiving
UE-specific configuration information indicating an uplink
reference signal identity from one [transmission/reception
point of] among a plurality of [different] transmission/
reception points, wherein the uplink reference signal identity
is an independent [of] identify distinguished from a physical
cell identity of the one transmission/reception point; gener-
ating an uplink reference signal associated with an uplink
channel, using the uplink reference signal identity; and
transmitting the generated uplink reference signal to a
transmission/reception point imdicated by the uplink refer-
ence signal identity.

The uplink channel may be at least one of a physical
uplink shared channel and a physical uplink control channel.

The uplink reference signal i1dentity may be a reference
signal 1dentity of an uplink demodulation reference signal,
and the uplink reference signal may be the uplink demodu-
lation reference signal.

[the] 77%e transmission/reception point indicated by the
uplink reference signal identity may be a transmission/
reception point different from the one transmission/recep-
tion point.

In accordance with still another embodiment, user equip-
ment may be provided. The user equipment may include a
[receiving unit] receiver configured to receive UE-specific
configuration information indicating an uplink reference
signal 1dentity from one transmission/reception point of a
plurality of different transmission/reception points, wherein
the uplink reference signal identity is an independent [of]
identity distinguished a physical cell identity of the one
transmission/reception point; a [control unit] controller con-
figured to generate an uplink reference signal associated
with an uplink channel, using the uplink reference signal
identity; and a [transmitting unit] ransmitter configured to
transmit the generated uplink reference signal and the uplink
channel to a transmission/reception point indicated by the
uplink reference signal 1dentity.

The uplink channel may be at least one of a physical
uplink shared channel and a physical uplink control channel.

The uplink reference signal 1dentity may be a reference
signal 1dentity of an uplink demodulation reference signal,
and the uplink reference signal may be the uplink demodu-
lation reference signal.

The transmission/reception point indicated by the uplink
reference signal i1dentity may be a transmission/reception
point different from the one transmission/reception point.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 is [an exemplary] a diagram illustrating a wireless
communication system [to which at least one embodiment
may be applied];

FIG. 2 illustrates a typical method of performing uplink/
downlink data transmission in a CoMP scenario environ-
ment and/or a heterogeneous network environment 1n which
transmission/reception points use diflerent cell 1dentities;
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FIG. 3 illustrates a method of performing uplink/down-
link data transmissions 1n a CoMP scenario environment 1n
which transmission/reception points use the same cell 1den-
tity;

FI1G. 4 1s a flowchart illustrating a method of transmitting
a sounding reference signal (SRS) in accordance with a first
embodiment;

FIG. 3 illustrates imndependently transmitting a physical
uplink channel and an SRS 1n a CoMP environment in which
transmission/reception points use different cell identities
(e.g., cell ID #1 and cell ID #2);

FIG. 6 1illustrates independently transmitting a physical
uplink channel and an SRS 1n a CoMP environment 1n which
transmission/reception points use the same cell identity
(e.g., cell ID #0);

FIG. 7 illustrates independently transmitting not only a
physical uplink channel and an SRS but also a periodic SRS
and an aperiodic SRS 1 a CoMP environment in which
transmission/reception points use different cell identities
(e.g., cell ID #1, cell ID #2, and cell ID #3);

FIG. 8 illustrates mndependently transmitting a physical
uplink channel, an SRS and also a periodic SRS and an
aperiodic SRS 1n a CoMP environment 1n which transmis-
s1on/reception points use the same cell identity (e.g., cell ID
#0);

FIG. 9 illustrates transmitting a periodic SRS to a serving
transmission/reception point serving user equipment, and
transmitting an aperiodic SRS to a diflerent transmission/
reception point in a CoMP environment in which transmis-
sion/reception points use different cell 1dentities (e.g., cell
ID #1 and cell ID #2);

FIG. 10 illustrates transmitting a periodic SRS to a
serving transmission/reception point serving user equip-
ment, and transmitting, independently from a physical
uplink channel, an aperiodic SRS to a different transmission/
reception point in a CoMP environment 1n which transmis-
s1on/reception points use the same cell identity (e.g., cell ID
#0);

FI1G. 11 1s a flowchart 1llustrating a method of transmitting,
an SRS in accordance with [Embodiment 2 of the present
invention] a second embodiment,

FIG. 12 illustrates transmitting an SRS to a serving
transmission/reception point when PUCCH 1s transmitted to
a transmission/reception point other than the serving trans-
mission/reception point, 1n a CoMP environment in which
transmission/reception points use different cell identities
(e.g., cell ID #1 and cell ID #2);

FIG. 13 illustrates transmitting an SRS to a serving
transmission/reception point when PUCCH 1s transmitted to
a transmission/reception point other than the serving trans-
mission/reception point, 1n a CoMP environment in which
transmission/reception points use the same cell i1dentity
(e.g., cell ID #0);

FIG. 14 illustrates transmitting an SRS to a serving
transmission/reception point when PUSCH 1s transmitted to
a transmission/reception point other than the serving trans-
mission/reception point, in a CoMP environment 1n which
transmission/reception points use different cell i1dentities
(e.g., cell ID #1 and cell ID #2);

FIG. 15 illustrates transmitting an SRS to a serving
transmission/reception point when PUSCH 1s transmitted to
a transmission/reception point other than the serving trans-
mission/reception point, 1n a CoMP environment in which
transmission/reception points use the same cell i1dentity
(e.g., cell ID #0);

FIG. 16 1illustrates transmitting an SRS to a serving
transmission/reception point when PUSCH and PUCCH are
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transmitted to a transmission/reception point other than the
serving transmission/reception point, mn a CoMP environ-
ment 1 which transmission/reception points use diflerent
cell identities (e.g., cell ID #1 and cell ID #2);

FIG. 17 illustrates transmitting an SRS to a serving
transmission/reception point when PUSCH and PUCCH are
transmitted to a transmission/reception point other than the
serving transmission/reception point, in a CoMP environ-
ment 1n which transmission/reception points use the same
cell identity (e.g., cell ID #0);

FIG. 18 1illustrates transmitting a periodic SRS to a
serving transmission/reception point and transmitting an
apertodic SRS 1n association with PUCCH when the
PUCCH 1s transmitted to a transmission/reception point
other than the serving transmission/reception point, 1 a
CoMP environment 1n which transmission/reception points
use different cell identities (e.g., cell ID #1 and cell 1D #2);

FIG. 19 illustrates transmitting a periodic SRS to a
serving transmission/reception point and transmitting an
aperiodic SRS 1n association with PUCCH when the
PUCCH 1s transmitted to a transmission/reception point
other than the serving transmission/reception point, 1n a
CoMP environment in which transmission/reception points
use the same cell 1dentity (e.g., cell ID #0);

FIG. 20 1s a block diagram illustrating user equipment
performing an uplink SRS transmission shown 1n FIG. 4;

FIG. 21 illustrates a position of a symbol carrying an SRS;

FIG. 22 illustrates a non-frequency hopping SRS and a
frequency hopping SRS;

FIG. 23 1s a flowchart illustrating a method of transmitting,
an uplink reference signal 1n accordance with at least one
embodiment;

FI1G. 24 1s a flowchart illustrating a method of transmitting
an SRS associated with PUCCH 1n accordance with at least
one embodiment;

FIG. 25 illustrates transmitting all uplink-related channels
to a transmission/reception point different from a serving
transmission/reception point to which user equipment
belongs, n a CoMP environment in which transmission/
reception points use different cell identities (e.g., cell ID #1

and cell ID #2);

FIG. 26 1llustrates transmitting all uplink-related channels
to a transmission/reception point different from a serving
transmission/reception point to which user equipment
belongs, n a CoMP environment in which transmission/
reception points use the same cell identity (e.g., cell ID #0);

FIG. 27 illustrates transmitting an SRS 1n association with
PUCCH, 1in a CoMP environment in which transmission/
reception points use different cell identities (e.g., cell ID #1
and cell ID #2);

FIG. 28 illustrates transmitting an SRS 1n association with
PUCCH, 1in a CoMP environment in which transmission/
reception points use the same cell identity (e.g., cell ID #0);

FIG. 29 1llustrates transmitting an aperiodic SRS 1n asso-
ciation with PUCCH, 1n a CoMP environment in which
transmission/reception points use different cell i1dentities
(e.g., cell ID #1 and cell ID #2);

FIG. 30 1llustrates transmitting an aperiodic SRS 1n asso-
ciation with PUCCH, 1n a CoMP environment in which
transmission/reception points use the same cell i1dentity
(e.g., cell ID #0);

FIG. 31 1s a flowchart illustrating a method of transmitting,
an SRS associated with PUSCH 1n accordance with
[Embodiment 2 of the present invention] a second embodi-
ment,
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FIG. 32 illustrates transmitting an SRS 1n association with
PUSCH, in a CoMP environment in which transmission/

reception points use different cell identities (e.g., cell 1D #1
and cell 1D #2);

FI1G. 33 1llustrates transmitting an SRS 1n association with
PUSCH, in a CoMP environment in which transmission/
reception points use the same cell identity (e.g., cell ID #0);

FIG. 34 1llustrates transmitting an aperiodic SRS 1n asso-
ciation with PUSCH, in a CoMP environment in which
transmission/reception points use different cell i1dentities
(e.g., cell ID #1 and cell ID #2);

FI1G. 35 illustrates transmitting an aperiodic SRS 1n asso-
ciation with PUSCH, 1n a CoMP environment in which
transmission/reception points use the same cell i1dentity
(e.g., cell ID #0);

FIG. 36 illustrates user equipment in accordance with [at
least] one embodiment;

FIG. 37 illustrates user equipment in accordance with
[other embodiments of the present invention] anrother
embodiment; and

FIG. 38 illustrates a base station (BS) in accordance with
[at least] one embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, exemplary embodiments of the present
[invention] disclosure will be described with reference to the
accompanying drawings. In the following description, the
same elements will be designated by the same reference
numerals although they are shown in different drawings.
Furthermore, 1 the following description of the present
[invention] disclosure, a detailed description of known func-
tions and configurations incorporated herein will be omitted
when it may make the subject matter of the present [inven-
tion] disclosure rather unclear.

A wireless communication system in accordance with at
least one embodiment may be widely used 1 order to
provide a variety of communication services such as a voice
service, a packet data service, and so forth. The wireless
communication system may include user equipment (UE)
and at least one transmission/reception point. In the present
description, the term “user equipment (UE)” 1s used as a
general concept that includes a terminal 1n a wireless com-
munication. Accordingly, the user equipment (UE) should be
construed as a concept that includes a mobile station (MS),
a user terminal (UT), a subscriber station (SS), and/or a
wireless device 1n a global system for mobile communica-
tions (GSM), as well as user equipment used in wideband
code division multiple access (WCDMA), long term evolu-
tion (LTE), and/or high speed packet access (HSPA).

The transmission/reception point generally may indicate a
station communicating with the user equipment. However,
the transmission/reception point may be referred to as dif-
ferent terms such as a base station (BS), a cell, a Node-B, an
evolved Node-B (eNB), a sector, a site, a base transceiver
system (BTS), an access point (AP), a relay node (RN), a
remote radio head (RRH), a radio unit (RU), an antenna, and
the like.

That 1s, 1 the present description, the transmission/
reception point, the base station (BS), or the cell may be
construed as an inclusive concept indicating a portion of an
area or a function covered by a base station controller (BSC)
in code division multiple access (CDMA), a Node-B 1n
WCDMA, an eNB or a sector (a site) in LTE, and the like.
Accordingly, a concept of the transmission/reception point,
the base station (BS), and/or the cell may include a variety
ol coverage areas such as a megacell, a macrocell, a micro-
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cell, a picocell, a femtocell, and the like. Furthermore, such
concept may include a communication range of the relay
node (RN), the remote radio head (RRH), or the radio umit
(RU).

In the present description, the user equipment and the
transmission/reception point may be two transmission/re-
ception subjects, having an inclusive meaning, which are
used to embody the technology and the technical concept
disclosed herein, and may not be limited to a specific term
or word. Furthermore, the user equipment and the transmis-
sion/reception point may be uplink or downlink transmis-
s1on/reception subjects, having an inclusive meaning, which
are used to embody the technology and the technical concept
disclosed in connection with the present [invention] disclo-
sure, and may not be limited to a specific term or word.
Herein, an uplink (UL) transmission/reception is [a scheme
in which] data [is transmitted] transmission and reception
from user equipment to a base station. Unlike this, a down-
link (DL) transmission/reception is [a scheme in which] data
[is transmitted] transmission and reception from the base
station to the user equipment.

The wireless communication system may use a variety of
multiple access schemes such as CDMA, time division
multiple access (IDMA), frequency division multiple
access (FDMA), orthogonal frequency division multiple
access (OFDMA), OFDM-FDMA, OFDM-TDMA, OFDM -
CDMA, and/or the like. Such multiple access schemes,
however, are not limited thereto. At least one embodiment
may be applied to resource allocation in the field of asyn-
chronous wireless communications evolving to LTE and
LTE-advanced (LTE-A) through GSM, WCDMA, and HSP,
and 1n the field of synchronous wireless communications
evolving into CDMA, CDMA-2000, and UMB. The present
[invention] disclosure should not be construed as being
limited to or restricted by a particular wireless communica-
tion field, and should be construed as including all technical
fields to which the spirit of the present [invention] disclosure
can be applied.

In case of an uplink transmission and a downlink trans-
mission, at least one of a time division duplex (ITDD) and a
frequency division duplex (FDD) may be used. Herein, the
TDD may perform the uplink/downlink transmissions using
different times. The FDD may perform the uplink/downlink
transmissions using different frequencies.

In a LTE or LTE-A system 1n conformance with a corre-
sponding standard, an uplink and/or a downlink may be
constituted based on one carrier or a pair of carriers. In case
of the uplink and/or downlink, control information may be
transmitted through such control channels as a physical
downlink control channel (PDCCH), a physical control
format 1ndicator channel (PCFICH), a physical hybrid ARQ
indicator channel (PHICH), a physical uplink control chan-
nel (PUCCH), and/or so forth. Data may be transmitted
through such data channels as a physical downlink shared
channel (PDSCH), a physical uplink shared channel
(PUSCH), and/or the like.

In the description, the term “cell” may indicate one of
coverage of a signal transmitted from a transmission point or
transmission/reception point, a component carrier having the
coverage, and the transmission/reception point. Herein, the
term “‘transmission/reception point” may indicate one of a
transmission point transmitting a signal, a reception point
receiving a signal, and a combination thereof (1.e., a trans-
mission/reception point).

FIG. 1 is [an exemplary] a diagram illustrating a wireless
communication system [to which at least one embodiment
may be applied].
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Referring to FIG. 1, wireless communication system 100
may be one of a coordinated multi-point transmission/
reception (CoMP) system, a coordinated multi-antenna
transmission system, and a coordinated multi-cell commu-
nication system. Herein, the CoMP system may transmit
signals through cooperation between a plurality of transmis-
sion/reception points. Wireless communication system 100
such as a CoMP system may include a plurality of trans-
mission/reception points 110 and 112, and at least one user
equipment (UE) 120 and 122.

The transmission/reception points may be, as shown in
the figure, one of eNB 110 and RRH 112. Herein, eNB 110

may be a base station or a macrocell (or macronode). RRH
112 may be at least one picocell which 1s wiredly controlled
by coupling to eNB 110 through an optical cable or an
optical fiber. Furthermore, RRH 112 may have either a high
transmission power, or a low transmission power within a
macrocell region. Transmission/reception points eNB 110
and RRH 112 may have the same cell identity (ID) or
different cell 1dentities.

Hereinafter, a downlink (DL) may represent communica-
tion or a communication path from transmission/reception
points 110 and 112 to user equipment 120. An uplink (UL)
may represent communication or a commumnication path
from user equipment 120 to transmission/reception points
110 and 112. In the downlink, a transmitter may be a portion
ol transmission/reception points 110 and 112, and a receiver
may be a portion of user equipment 120 and 122. In the
uplink, a transmitter may be a portion of user equipment
120, and a receiver may be a portion of transmission/
reception points 110 and 112.

Hereinafter, [a situation in which a] signal [is transmitted]
transmission or [received] reception through such channels
as PUCCH, PUSCH, PDCCH, and/or PDSCH may be
referred to as the expression of “transmit or recerve PUCCH,
PUSCH, PDCCH, and/or PDSCH.”

eNB 110 corresponding to one of transmission/reception
points (e.g., 110, 112) may perform a downlink transmission
to user equipment 120 and 122. eNB 110 may transmit
PDSCH corresponding to a primary physical channel, for
unicast transmission. Furthermore, eNB 110 may transmit
PDCCH 1n order to transmit downlink control information,
such as scheduling information required for receiving
PDSCH, and to transmit scheduling grant information for an
uplink shared channel (e.g., PUSCH) transmission. Herein-
alter, “transmit or receive a signal through a channel” may

be referred to as the expression of “transmit or receive a
channel.”

UE 1 (120) may transmit an uplink signal to eNB 110. UE
2 (122) may transmit an uplink signal to RRH 112 corre-
sponding to one of transmission/reception points 110 and
112. Alternatively, UE 1 (120) may transmit an uplink signal
to RRH 112, and UE 2 (122) may transmit an uplink signal
to eNB 110. The number of user equipment may be “2” or
more. In the following embodiments, descriptions will be
given under the assumption that one of two user equipment
transmits an uplink signal to eNB 110, and the other trans-
mits an uplink signal to RRH 112, though the present
[invention] disclosure is not so limited.

Meanwhile, in LTE communication systems correspond-
ing to wireless communication systems, a demodulation
retference signal (DMRS or DM-RS) and an SRS may be
defined for an uplink. Three types of reference signals (RSs)
may be defined for a downlink. Herein, the three types of the
reference signals (RSs) may include a cell-specific reference
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signal (CRS), a multicast/broadcast over single frequency
network reference signal (MBSEFN-RS), and a UE-specific
reference signal.

In a wireless communication system, when performing an
uplink transmission, user equipment may transmit an uplink
demodulation reference signal (UL DMRS or UL DM-RS)
per slot such that channel information for demodulation of
data channels 1s recognized. In case of an uplink DM-RS
associated with PUSCH, user equipment may transmit a
reference signal through one symbol per slot. In case of an
uplink DM-RS associated with PUCCH, user equipment
may transmit reference signals through a different number of
symbols according to PUCCH formats. For example, 1in case
of PUCH formats 1, 1a, and 1b, a reference signal may be
transmitted through three symbols per slot. In case of
PUCCH iformats 2, 2a, 2b, and 3, a reference signal may be
transmitted through two symbols per slot.

FIG. 2 illustrates a typical method of performing uplink/
downlink data transmissions 1n a CoMP scenario environ-
ment and/or a heterogeneous network environment 1n which
transmission/reception points use diflerent cell 1dentities.

Referring to FIG. 2, wireless communication system 100
[to which at least one embodiment is applied] may be a
CoMP system implementing a CoMP scenario or a hetero-
geneous network i which eNB110 and RRH 112 have
different cell 1dentities.

FIG. 3 illustrates a method of performing uplink/down-
link data transmissions 1n a CoMP scenario environment n
which transmission/reception points use the same cell 1den-
tity.

Referring to FIG. 3, wireless communication system 100
[to which at least one embodiment is applied] may be a
CoMP system implementing a CoMP scenario in which eNB
110 and RRHs 112a through 1121 have the same cell identity.

In the CoMP system shown 1n FIG. 2 and FIG. 3, 1n case
of DM-RS for PUSCH data demodulation, user equipment
may receive parameters for generation of reference signals,
from a corresponding transmission/reception point to which
the user equipment belongs. Herein, the parameter for
reference signal generation may include information on at
least one of a sequence group number, a base sequence
number, a cyclic shift index, and an orthogonal cover code
(OCC) index. The reference signals transmitted by user
equipment 1n wireless communication system 100 may be
generated based on the parameters for reference signal
generation. The corresponding transmission/reception point
may be eNB 110 corresponding to a serving transmission/
reception point. Meanwhile, in the case of illustrating a
plurality of user equipment 1n figures, each user equipment
may be classified by reference numerals 120a, 120b, 120c,
or the like. In the case of illustrating one user equipment 1n
figures, the one user equipment may be denoted by reference
numeral 120.

In a certain operation (“operation 17), eNB 110 may
inform user equipment of a corresponding cell identity such
that eNB 110 can be identified, and inform the user equip-
ment of a sequence group number and a base sequence
number, according to the configuration of sequence-group
hopping and sequence hopping determined through radio
resource control (RRC). Furthermore, in another operation
(“operation 27), eNB 110 may inform user equipment of
PDCCH for an uplink grant, transmitted through a downlink.
For example, eNB 110 may inform user equipment of a
cyclic shift index and an OCC index for generation of a
reference signal to be transmitted by user equipment 120a,
through downlink control mnformation (DCI) format 0 and
DCI format 4. User equipment may generate an uplink
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DM-RS, and transmit the generated uplink DM-RS and
PUSCH to eNB 110, through the operation 1 and the
operation 2.

In the case of an uplink SRS, a certain transmission/
reception point or a certain cell 1n wireless communication
system 100 may transmit parameters for SRS generation
(1.e., parameters for generation of the SRS transmitted by
user equipment) to the user equipment. Herein, the param-
cters for SRS generation may include a cell-specific SRS
bandwidth, a transmission comb, a UE-specific SRS band-
width, hopping related configuration parameters, a 1Ire-
quency domain position, a periodicity, a subirame configu-
ration (designating which subirame will transmit an SRS),
an antenna configuration (designating the number of anten-
nas transmitting an SRS and the number of antenna ports),
a base sequence 1ndex, a cyclic shift index (i1.e., a reference
signal to be used for SRS generation), and so forth. Herein,
transmission comb may designate Irequency positions
assigned at intervals of two types of subcarrier spacing. For
example, “0” may denote even subcarriers and “1” denote
odd subcarriers. The base sequence mndex may be an SRS
sequence 1ndex for generating a corresponding SRS. The
SRS sequence index may be determined, based on sequence
group number u used 1n PUCCH and base sequence number
v defined according to a sequence hopping configuration
used for PUSCH. More specifically, a corresponding trans-
mission/reception point (e.g., eNB 110) may transmit the
parameters for SRS generation, as RRC parameters, to user
equipment 120a. User equipment 120a may receive the
parameters for SRS generation from eNB 110, and transmit
an uplink SRS to eNB 110.

Furthermore, an aperiodic SRS may be defined along with
a periodic SRS. In case of the aperiodic SRS, like a case of
the periodic SRS, parameters to be used for generation of the
aperiodic SRS may be transmitted, as RRC parameters, to
user equipment 120a by a certain transmission/reception
point. Herein, the parameters for generation of the aperiodic
SRS may include a UE-specific SRS bandwidth of aperiodic
SRS, a transmission comb, a frequency domain position, a
periodicity, a subirame configuration, an antenna configu-
ration, a base sequence index, a cyclic shift index, and so
forth, as defined 1n wireless communication system 100.

In addition, a certain transmission/reception point may
dynamically trigger user equipment 120a through PDCCH
such that user equipment 120a can transmit a periodic SRS.
When receiving a triggering signal through the PDCCH and
RRC parameters, user equipment 120a may transmit an
uplink aperiodic SRS.

According to the above-described uplink/downlink data
transmission method, when user equipment 120a belonging,
to a certain transmission/reception point transmits a refer-
ence signal, only the certain transmission/reception point
may receive the reference signal. Other transmission/recep-
tion points may not receive the reference signal because
other transmission/reception points cannot know informa-
tion for generation of the reference signal. Herein, the
expression “receive the reference signal” may mean that the
reference signal 1s received not as interference but as a
desired signal. That 1s, the expression may mean that the
reference signal 1s received to meet a purpose of the refer-
ence signal transmitted by user equipment.

When receiving parameters from a certain transmission/
reception point, user equipment may generate reference
signals, such as an uplink DM-RS and/or periodic/aperiodic
SRSs, based on the received parameters. Accordingly, user
equipment may perform an uplink transmission only
through an uplink associated with a downlink of the certain
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transmission/reception point to which the user equipment
belongs. In other words, user equipment may not perform an
uplink transmission through an uplink not being associated
with the downlink of the certain transmission/reception
point to which the user equipment belongs.

Typically, user equipment 120a belonging to the certain
transmission/reception point (1.e., user equipment 120a
receiving a downlink control channel from the certain trans-
mission/reception point) may not perform an uplink trans-
mission to a different transmission/reception point (1.e., a
transmission/reception point diflerent from the certain trans-
mission/reception point). Herein, the different transmission/
reception point may provide an uplink channel having a
comparatively better uplink channel quality and/or a com-
paratively better geometry.

Meanwhile, 1n at least one embodiment, a method may be
provided for supporting an uplink transmission to a different
transmission/reception point. More specifically, according to
the method, user equipment 120a belonging to a certain
transmission/reception point (1.e., user equipment 120a
receiving a downlink control channel from the certain trans-
mission/reception point) may perform an uplink transmis-
sion to a different transmission/reception point which pro-
vides an uplink channel having a comparatively better
channel quality and/or a comparatively higher geometry.
Furthermore, 1n at least one embodiment, a method and an
apparatus may be provided for differentiating channels
transmitted to different transmission/reception points.

Furthermore, 1n at least one embodiment, a method and an
apparatus may be provided for differentiating between an
uplink channel (e.g., PUSCH, PUCCH, SRS, and/or an
uplink related RS) which user equipment transmits to a
corresponding transmission/reception (1.€., a corresponding
transmission/reception to which the wuser equipment
belongs) and an uplink channel which the user equipment
transmits to a transmission/reception points other than the
corresponding transmission/reception. Herein, such channel
differentiation may be differentiation between the same type
channels such as between SRSs, between PUSCHs, between
PUCCHSs, between related RSs, and so forth. Such channel
differentiation may be differentiation between diflerent type

channels such as between SRS and PUSCH, between
PUCCH and PUSCH, between PUCCH and SRS, and so
forth. For example, a sequence group number and a base
sequence number used for periodic and aperiodic SRSs may
be defined from a sequence group number u and a base
sequence number v, respectively. Herein, the sequence
group number u may be used for PUCCH. The base
sequence number v may be defined in sequence hopping
used for PUSCH. In at least one embodiment, a method and
an apparatus may be provided for differently defining the
sequence group number u and the base sequence number v
used for periodic and aperiodic SRSs.

Hereinafter, the present [invention] disclosure will be
described through the following two embodiments: 1) a first
embodiment (Embodiment 1) determines a recerving subject
(1.e., a target transmission/reception point) of an SRS 1nde-
pendently from receiving subjects of PUCCH and/or
PUSCH by generating an SRS sequence independently from
the PUCCH, a reference signal sequence associated with the
PUCCH, the PUSCH, and a reference signal sequence
associated with the PUSCH; and 11) a second embodiment
(Embodiment 2) transmits an SRS without association with
PUCCH and PUSCH, to a serving transmission/reception
point.
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Embodiment 1: Independent Configuration

In the case of transmitting a periodic SRS or an aperiodic
SRS according to [Embodiment 1] the first embodiment
(Embodiment 1), a sequence group number and a base
sequence number for SRS generation may be independently >
generated, without denving from PUCCH sequence group
number or PUSCH base sequence number based on a cell
identity of a serving cell. In order to generate an independent
sequence from PUCCH/PUSCH sequences, a sequence
group number and a base sequence number for SRS gen-
ceration may be further included im RRC configuration
parameters. Alternatively, in the case that a certain param-
eter 1s predefined through PDCCH transmitted dynamically
or through RRC parameters, a sequence group number and
a base sequence number for SRS generation may be dynami-

cally indicated by transmitting the predefined parameter
through PDCCH or EPDCCH.

FI1G. 4 1s a flowchart illustrating a method of transmitting,
an SRS in accordance with [Embodiment 1] tke first embodi- 0
ment (Embodiment 1) of the present [invention] disclosure.

Referring to FIG. 4, in an SRS transmission method
according to [Embodiment 1] tze first embodiment (Embodi-
ment 1), user equipment 120 may receive UE-specific con-
figuration mformation indicating an SRS identity from one 25
transmission/reception point (e.g., eNB110) [of] among a
plurality of different transmission/reception points at step
S410. Herein, the SRS 1dentity 1s independently determined
to be distinguished from an uplink reference signal 1dentity
for an uplink channel. At step S420, user equipment 120 may 30
generate an SRS using the independently determined SRS
identity. At step S425, user equipment 120 may perform a
physical uplink channel transmission to eNB110. Mean-
while, at step S430, user equipment 120 may transmit the
generated SRS to a transmission/reception point (e.g., RRH 35
112) indicated by the independently determined SRS 1den-
tity.

According to the SRS transmission method as shown 1n
FIG. 4, an uplink reference signal identity for an uplink
channel and an SRS i1dentity may be independently deter- 40
mined. Accordingly, a receiving subject (e.g., eNB 110) of
the uplink channel and a receiving subject (e.g., RRH 112)
of the SRS may be different.

In the present description, the expressions “independent,”
and “independently” may mean that an SRS identity 1s 45
separately defined without association with other uplink
reference signal 1dentities and/or a physical cell identity of
a serving transmission/reception point serving user equip-
ment. Accordingly, the SRS 1dentity may be the same as or
different from the other uplink reference signal i1dentities 50
and/or the physical cell identity of the serving transmission/
reception point.

That 1s, 1n the present description, the expression “an SRS
1s transmitted independently from an uplink channel” may
mean that receiving subjects are independently determined. 55
However, such expression may not mean that transmission
timings should be different each other. Accordingly, in an
SRS transmission method in accordance with at least one
embodiment, an SRS may be independently transmitted
when other channel transmissions are not performed. Alter- 60
natively, an SRS and at least a portion of an uplink channel
(1.e., all or a portion of an uplink channel) may be simulta-
neously transmitted 1n one subirame.

In an SRS transmission method in accordance with at
least one embodiment, an uplink channel may correspond to 65
at least one of PUSCH and PUCCH. An SRS may be at least

one of a pertodic SRS and an aperiodic SRS.
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Hereinafter, a variety of cases of transmitting an SRS
according to [Embodiment 1] tke first embodiment (Embodi-
ment 1) llustrated 1n FI1G. 4 will be described with reference
to FIG. 3 to FIG. 10.

FIG. 5 illustrates independently transmitting a physical
uplink channel and an SRS 1n a CoMP environment in which
transmission/reception points use different cell identities
(e.g., cell ID #1 and cell ID #2).

FIG. 6 illustrates independently transmitting a physical
uplink channel and an SRS 1n a CoMP environment in which
transmission/reception points use the same cell i1dentity
(e.g., cell ID #0).

Retferring to FIG. 5 and FIG. 6, a receiving subject of a
physical uplink channel and a receiving subject of an SRS
may be independently determined since an i1dentity for SRS
generation 1s determined independently from an identity for
a physical uplink reference signal. Accordingly, even though
it 1s not shown 1n figures, the physical uplink channel and the
SRS may be transmitted to different receiving subjects or the
same recerving subject. In this case, 1t may be necessary to
independently determine each receiving subject of the physi-
cal uplink channel and the SRS.

According to an SRS transmission method as shown 1n
FIG. § and FIG. 6, an SRS sequence may be determined
independently from DM-RS associated with PUCCH and/or
PUSCH. Accordingly, a TDD system may independently
measure a downlink channel quality of a serving transmis-
sion/reception point and a downlink channel quality of a
different transmission/reception point (1.e., a transmission/
reception point different from the serving transmission/
reception point). Herein, the TDD system may use an uplink
channel quality measurement and a channel reciprocity for
the serving transmission/reception point and the different
transmission/reception point. Furthermore, the SRS trans-
mission method may allow for recognition of a location or
a geometry of user equipment, using an SRS. Accordingly,
in the case that user equipment 1s located on edge of a cell
or at the center of the cell, [improvement of] iz is possible to
improve data throughput in a downlink by using a UE-
specific downlink transmission method [may be possible].

In embodiments shown 1n FIG. 5 and FIG. 6, receiving
subjects of a periodic SRS and an aperiodic SRS may be the
same. That 1s, a UE-specific parameter indicating an SRS

identity may indicate the same reference signal 1dentity for
the periodic SRS and the aperiodic SRS.

Unlike the embodiment shown 1in FIG. 5 and FIG. 6, SRS
identities for generating a periodic SRS and an aperiodic
SRS may be independent each other.

FIG. 7 illustrates independently transmitting not only a
physical uplink channel and an SRS but also a periodic SRS
and an aperiodic SRS, 1n a CoMP environment in which
transmission/reception points use different cell identities
(e.g., cell ID #1, cell ID #2, and cell 1D #3).

FIG. 8 illustrates independently transmitting not only a
physical uplink channel and an SRS but also a periodic SRS
and an aperiodic SRS, 1n a CoMP environment 1 which
transmission/reception points use the same cell identity
(e.g., cell ID #0).

Referring to FIG. 7 and FIG. 8, UE-specific configuration
information indicating an SRS identity may indicate a
different reference signal identity for each of the periodic
SRS and the aperiodic SRS. Accordingly, the SRS may be
transmitted independently from PUCCH and PUSCH. Fur-
thermore, the periodic SRS and the aperiodic SRS may be
transmitted independently from each other. FIG. 7 and FIG.
8 illustrate only a case that a receiving subject (e.g., 112b or
110) of the periodic SRS and a receiving subject (e.g., 112a)
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of the aperiodic SRS are different. However, 1n at least one
embodiment, each receiving subject for periodic/aperiodic
SRSs may be independently determined, and the two receiv-
ing subjects may be the same.

According to an SRS transmission method as shown 1n
FIG. 7 and FIG. 8, an SRS sequence may be determined
independently from DM-RS associated with PUCCH and/or
PUSCH. Furthermore, sequences for a periodic SRS and an
aperiodic SRS may be mdependently determined. Accord-
ingly, a TDD system may independently measure a down-
link channel quality of a serving transmission/reception
point and a downlink channel quality of a different trans-
mission/reception point. Herein, the TDD system may use
an uplink channel quality measurement and a channel reci-
procity for the serving transmission/reception point and the
different transmission/reception point.

Furthermore, such SRS transmission method may allow
for recognition of a location or a geometry of user equip-
ment, using an SRS. Accordingly, in the case that user
equipment 1s located on edge of a cell or at the center of the
cell, improvement of data throughput for a downlink by
using a UE-specific downlink transmission method may be
possible.

FI1G. 9 1llustrates transmitting a periodic SRS to a serving,
transmission/reception point serving user equipment, and
transmitting an aperiodic SRS to a diflerent transmission/
reception point, in a CoMP environment 1n which transmis-
sion/reception points use different cell identities (e.g., cell
ID #1 and cell ID #2).

FIG. 10 illustrates transmitting a periodic SRS to a
serving transmission/reception point serving user equip-
ment, and transmitting, independently from a physical
uplink channel, an aperiodic SRS to a different transmission/
reception point, in a CoMP environment 1n which transmis-
s1on/reception points use the same cell identity (e.g., cell ID
#0).

In other embodiments, not shown 1n FIG. 9 and FIG. 10,
an aperiodic SRS may be transmitted to a serving transmis-
s1on/reception point serving user equipment. A periodic SRS
may be independently transmitted from a physical uplink
channel, to another transmission/reception point.

Referring to FIG. 4, FIG. 9, and FIG. 10, in an SRS
generation procedure (S420) shown in FIG. 4, one of a
periodic SRS and an aperiodic SRS may be generated using
an SRS i1dentity, and the other SRS may be generated using
a cell identity of a serving transmission/reception point
serving user equipment. Herein, the SRS 1dentity may be
[independently distinguished] independent from an identity
for a physical uplink channel. In an SRS transmission
procedure (S430), one of the periodic SRS and the aperiodic
SRS may be transmitted to a transmission/reception point
indicated by the SRS identity, and the other SRS may be
transmitted to the serving transmission/reception point.

That 1s, according to embodiments shown 1 FIG. 9 and
FIG. 10, one of the periodic SRS and the aperiodic SRS may
be transmitted independently from a physical uplink chan-
nel, and the other may be transmitted to the serving trans-
mission/reception point. In at least one embodiment, a
receiving subject of the SRS transmitted independently may
be the same as a receiving subject of the physical uplink
channel. Furthermore, the SRS may be transmitted to the
serving transmission/reception point.

Referring back to FIG. 4, 1in a procedure (5410) receiving,
a UE-specific configuration mnformation indicating an SRS
identity, the SRS identity may be [independently] an inde-
pendent identity distinguished from an uplink reference
signal identity for a physical uplink channel. Herein, the
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uplink reference signal i1dentity may be a reference signal
identity of an uplink demodulation reference signal (UL
DMRS or UL DM-RS).

In a UE-specific configuration information receiving pro-
cedure (S410), UE-specific configuration imnformation may
include UE-specific parameters which are specifically deter-
mined for user equipment 120 belonging to eNB 110. Such
UE-specific configuration information may include refer-
ence signal identities associated with a physical uplink
channel (e.g., PUCCH or PUSCH). Herein, the reference
signal 1dentities associated with the physical uplink channel
may be used to determine a UE-specific physical uplink
channel sequence and a UE-specific reference signal
sequence associated with a physical uplink channel. More
specifically, the UE-specific configuration information may
include UE-specific parameters indicating the reference sig-
nal identity n,;” associated with PUCCH or a Virtual cell
identity (VCID) (hereinafter, referred to as n,,""), and a
reference signal identity n,,~> assoc1ated w1th PUSCH. In
this case, the reference signal identity n,,”~ associated with
the PUCCH and the reference signal identity n, ;"> associ-
ated with the PUSCH may be different from or the same as
a cell-specific parameter indicating a cell identity N, .7/ of
a cell to which user equipment 120 belongs.

eNB 110 may dynamically transmit UE-specific configu-
ration information to user equipment 120 through PDCCH/
EPDCCH. Herein, the UE-specific configuration informa-
tion may include UE-specific parameters indicating a
reference signal identity n,,;" associated with PUCCH and
a reference signal identity n, ;™" associated with PUSCH.
Alternatively, the UE-specific configuration information
may be determined semi-statically by higher layers such as
RRC layer, or be determined 1n advance through RRC. In
this case, eNB 110 may provide indication information for
use of the pre-determined UE-specific configuration infor-

mation, through PDCCH/EPDCCH.

For each of PUCCH and PUSCH, user equipment 120
may generate a base sequence for each of a reference signal
associated with PUCCH and/or a reference signal associated
with PUSCH, using UE-specific configuration information.
Herein, the UE-specific configuration information may
include a reference signal identity n,,,*> associated with the
PUCCH and/or a reference signal identity n,,, > associated
with the PUSCH. For example, 1n each case of the PUSCH
and the PUCCH, user equipment 120 may generate a base
sequence r1,,,(n) for DM-RS. Such base sequence (e.g., a
base sequence for the PUSCH and a base sequence for the
PUCCH) may be differently generated according to a
sequence group number u and a base sequence number v
within a corresponding sequence group. The reference sig-
nal identity n, ;> associated with the PUCCH and/or the
reference signal identity n,,;° associated with the PUSCH
may be used in place of a cell ID N,,.,°, to determine the
sequence group number u and the base sequence number v
within the corresponding sequence group.

User equipment 120 may transmit a DM-RS through an
assigned radio resource to a transmission/reception point
(e.g., RRH 112) indicated by a reference signal identity.
Herein, the DM-RS may be generated using a base
sequence, a cyclic shift, and an orthogonal code (or an
orthogonal cover code). In case of an uplink DM-RS, user
equipment 120 may transmit the uplink DM-RS using a
maximum of three symbols per slot.

In addition, user equipment 120 may transmit PUCCH or
PUSCH through the same frequency band as a frequency
band assigned for an uplink DM-RS associated with each of
PUCCH and PUSCH. A transmission/reception point (e.g.,
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RRH 112) capable of receiving DM-RS, among transmis-
sion/reception points may receive the PUCCH and the
PUSCH, using a received DM-RS.

In this case, receiving subjects of PUCCH/PUSCH may
be determined as a serving transmission/reception point 110,
but the present invention 1s not limited thereto. Receiving
subjects of PUCCH/PUSCH may be arbitrarily determined
based on a reference signal identity n,,,” associated with the
PUCCH and/or a reference signal identity n,,”> associated
with the PUSCH. Accordingly, the receiving subjects of the
PUCCH and the PUSCH may be determined as a transmis-
sion/reception point other than a serving transmission/re-
ception point 110.

At step S410, uvser equipment 120 may receive UE-
specific configuration information. Herein, the UE-specific
configuration 1nformation may include an SRS 1identity
n,,>"> determined independently.

At step S420, user equipment 120 may generate an SRS,
using the received UE-specific configuration information
including the independently determined SRS idenfity
n,,>"°. Hereinafter, such SRS generation procedure (S420)
will be described 1n more detail.

An SRS sequence may be generated by a cyclic shift (CS)
of a base sequence r, ,(n) based on Zadoff-Chu sequence, as
described by Formula 1 and Formula 2 below. Herein, the
generated SRS sequence may have length M_ %> based on
resource blocks (RBs) used for an SRS transmission. For
example, the length M_ * of the SRS sequence=[Number of
RSs|xX[Number of subcarriers (typically, 12) within an RB]/
2.

Tsrs? (n)=r, ‘“P(n) [Formula 1]

r, “P(n)=e¢/“7"r, (n) [Formula 2]

where, r,,“”(n) denotes a reference signal (RS)
sequence, O.; denotes a cyclic shift (CS), r, (n) denotes a
base sequence, 0<n<M_", M_%=mN_7~?  1<m<
N, . “C and M_ *° is the number of subcarriers assigned
for UL RS sequence 1n the frequency domain.

Base sequences may be differently generated according to
the sequence group number u, the base sequence number v
within the group, and a sequence length n.

In a sequence group hopping, 30 sequence groups may be
hopped per slot regardless of the number of resource blocks
(RBs) assigned to user equipment.

More specifically, the sequence group number u 1n slot n_
may be defined by a group hopping pattern f_,(n,) and a
sequence-shift pattern f__, according to Formula 3 below.

55

u=(f_,(n H+f Imod 30 [Formula 3]

The sequence group hopping pattern f_,(n,) may be the
same for PUCCH and PUSCH. However, the sequence-shift

pattern {__ may be different for PUCCH and PUSCH.
The group-hopping pattern {,,(n,) may be given by For-
mula 4 below for PUSCH and PUCCH.

|[Formula 4]

0 if group hopping is disabled

;
(Z c(8n, + i)-Zf]de 30 1f group hopping is enabled
i=0

In Formula 4, c(1) denotes a pseudo-random sequence.
When user equipment 120 receives n,,°"> for an SRS
transmission from eNB 110, the pseudo-random sequence
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c(1) may be 1mtialized using a UE-specific parameter n,,
s, 1n each radio frame. More specifically, the pseudo-
random sequence may be initialized with

SR

SRS
N7p

Cinit =

Definition of the sequence-shift pattern f . may be differ-

ent between PUCCH, PUSCH and SRS. For an SRS, the

sequence-shift pattern £, >*> may be given by . >*>=n,, >~
mod 30.

Sequence hopping may be applied for reference signals of
length 6 RBs or larger (M_">>6N_"”"). For reference-

signals of length less than 6 RBs (M_.*><6N_""), the base

sequence number v within the base sequence group may be
given by v=0.

For reference-signals of length 6 RBs or larger
(M "°6N_ %), the base sequence number v within the base
sequence group 1n slot n, may be defined by Formula 3
below.

if group hopping 1s disabled |[Formula 5]
and sequence hopping 1s enabled

otherwise

f
c(n;)

.

In Formula 5, c(1) denotes a pseudo-random sequence.
The pseudo-random sequence may be mnitialized with

SRS
N7p

0 2% + (ng5° + Ay )mod 30

Cinit —

in each radio frame.

The cyclic shift a; may be differently generated for each
user equipment and for each antenna port, according to
Formula 6 below.

|[Formula 6]

S, i

Ngps
oy = 27
g

. Sf}
C3, B )
tEf?

pE {0: 1: :Nﬂp_l}

In Formula 6, ng,"" used to calculate the cyclic shift o,
a may be transmitted by higher-layer signaling (e.g., RRC).
For example, in case of ng.." ", a total of § values (e.g.,
Nees =10, 1, 2, 3, 4, 5, 6, 7}) for each user equipment may
be transmitted. Cyclic shift o, for each antenna port may be
determined based on the transmitted n., "> as described in
Formula 6. p denotes an antenna port number index, and N_ |
denotes the number of antenna ports used for an SRS
transmission.

An SRS sequence may be generated according to Formula
1 using the base sequence of Formula 2 and the cyclic shift
(CS) a, of Formula 6. Such SRS sequence generation
procedure may be performed in OFDM modulator 2010
shown 1 FIG. 20. At step S430, user equipment 120 may
assign radio resources for SRS transmission, and transmit
the generated SRS (e.g., an SRS generated at step S420)
through the assigned radio resources, to a transmission/
reception point (e.g., RRH 112) indicated by n,,,>"".
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A UE-specific parameter indicating an uplink reference
signal 1dentity may indicate the same reference signal 1den-
tity for a periodic SRS and an aperiodic SRS.

In this case, sequence group numbers and base sequence
numbers for the periodic SRS and the aperiodic SRS may be
determined as the same value. However, the sequence group
numbers and the base sequence numbers for the periodic or
aperiodic SRS may be determined independently from a
sequence group number and a base sequence number for
PUCCH and PUSCH.

That 1s, an SRS sequence may be determined indepen-
dently from PUCCH and PUSCH. Accordingly, a TDD
system may independently measure a downlink channel
quality of a serving transmission/reception point and a
downlink channel quality of a different transmission/recep-
tion point. Herein, the TDD system may use an uplink
channel quality measurement and a channel reciprocity for
the serving transmission/reception point and the different
transmission/reception point. Furthermore, the SRS trans-
mission method may allow for recognition of a location or
a geometry of user equipment, using an SRS. Accordingly,
in the case that the user equipment 1s located on edge of a
cell or at the center of the cell, 1t may be possible to improve
data throughput for a downlink by using a UE-specific
downlink transmission method.

Meanwhile, sequence group numbers and base sequence
numbers used for a periodic SRS and an periodic SRS may
be assigned independently from each other, through RRC
parameters. In at least one embodiment, indication informa-
tion for corresponding base sequence numbers and sequence
group numbers may be included in PDCCH transmitted
dynamically. Alternatively, base sequence numbers and
sequence group numbers used for a periodic SRS and an
periodic SRS may be dynamically indicated through a RRC
parameter (e.g., a parameter having a length of 1 bait)
predefined by RRC signaling.

Accordingly, an SRS sequence may be generated inde-
pendently from PUCCH and PUSCH. Furthermore, user
equipment may transmit an SRS to a serving transmission/
reception point or a different transmission/reception point.
Therefore, a transmission/reception point (e.g., a base sta-
tion) received the SRS may flexibly perform a scheduling
procedure.

For a periodic SRS and an aperiodic SRS, a transmission
to a serving transmission/reception point and a transmission
to a different transmission/reception point (1.€., a transmis-
sion/reception point other than the serving transmission/
reception point) may be independently performed.

In an SRS transmission method, a UE-specific parameter
indicating an SRS identity may indicate different reference
signal 1dentities for a periodic SRS and an aperiodic SRS.

In this case, a sequence group number and a base
sequence number for the periodic SRS may be determined
independently form a sequence group number and a base
sequence numbers for the aperiodic SRS. Furthermore, the
sequence group numbers and the base sequence numbers for
the periodic and aperiodic SRSs may be determined inde-
pendently from a sequence group number and a base
sequence number for PUCCH and PUSCH.

For example, in Formula 1 to Formula 6, an SRS may be
generated using a periodic SRS identity n,,>*, and the
generated SRS may be transmitted to a transmission/recep-
tion point indicated by the periodic SRS identity n,,>".
Meanwhile, an SRS may be generated using an aperiodic
SRS identity n,,”* being independent of a periodic SRS
identity n,,,>*°. The generated SRS may be transmitted to a
transmission/reception point indicated by the aperiodic SRS
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identity n n,,,>"*"". Herein, the periodic SRS identity n,,
and the aperiodic SRS identity n,,>*>" may independently
indicate a corresponding transmission/reception point for
SRS transmission. Furthermore, the periodic SRS 1dentity
n,>* and/or the aperiodic SRS identity n,,>" may not
necessarily indicate a serving transmission/reception point.
Accordingly, the periodic SRS identity n,,”*> and/or the
aperiodic SRS identity n,,,>*>" may indicate a certain trans-
mission/reception points (e.g., eNB 110) other than the

serving transmission/reception point.

That 1s, an SRS sequence may be determined indepen-
dently from PUCCH and PUSCH. Furthermore, sequences
for a periodic SRS and an aperiodic SRS may be indepen-
dently determined from each other. Accordingly, a TDD
system may independently measure a downlink channel
quality of a serving transmission/reception point and a
downlink channel quality of a diflerent transmission/recep-
tion point. Herein, the TDD system may use an uplink
channel quality measurement and a channel reciprocity for
the serving transmission/reception point and the different
transmission/reception point.

Furthermore, the SRS transmission method may allow for
recognition of a location or a geometry of user equipment,
using an SRS. Accordingly, in the case that user equipment
1s located on edge of a cell or at the center of the cell, it may
be possible to improve data throughput for a downlink by
using a UE-specific downlink transmission method.

FIG. 21 illustrates a position of a symbol carrying an SRS.

FIG. 22 illustrates a non-frequency hopping SRS and a
frequency hopping SRS.

Referring to FIG. 21 and FIG. 22, an SRS may be
transmitted by the last symbol of a subframe. In the fre-
quency domain, SRS transmissions should cover the fre-
quency band that i1s of interest for a frequency-domain
scheduling. As illustrated 1n FIG. 22(a), a suiliciently wide-
band SRS transmission may be performed such that channel
quality of an enftire frequency band of interest can be
estimated with a single SRS transmission. As 1llustrated 1n
FIG. 22(b), a sequence of SRS transmissions may jointly
cover the entire frequency band of interest, by transmitting
a narrowband SRS using hopping in the frequency domain.

As described above, when an SRS 1s mapped to resource

clements, SC-FDMA symbols may be generated by a SC-
FDMA generator (not shown in FIG. 20). SRS signals

corresponding to the generated SC-FDMA symbols may be
transmitted to a corresponding transmission/reception point.

Specific subirames carrying SRSs may be periodically or
aperiodically determined. For example, “cell-specific sub-
frames for SRS transmission” (hereinafter, referred to as
“cell-specific SRS subirames™) may be configured or
defined as shown in Table [for] / or Table 2 below. Herein,
Table 1 and Table 2 may be associated with frequency
division duplex (FDD) and time division duplex (1DD),
respectively. An SRS may be periodically transmitted in
subframes which have a specific configuration period T

and a specific transmission offset A ..~ 1n each user equip-
ment. Such SRS may be referred to as a periodic SRS or a
trigger type O SRS. Alternatively, an SRS may be transmit-
ted 1in subframes which are aperiodically configured. In this
case, such SRS may be referred to as an aperiodic SRS or a
trigger type 1 SRS.
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TABLE 1

Configuration
Period

srs-SubframeConfig Binary Tz~ (subframes)

Transmission offset
Ao (subirames)

0 0000 1 {0}

1 0001 2 {0}

2 0010 2 {1}

3 0011 5 {0}

4 0100 5 {1}

5 0101 5 {2}

6 0110 5 {3}

7 0111 5 {0, 1}

8 1000 5 {2, 3}

9 1001 10 {0}

10 1010 10 {1}

11 1011 10 {2}

12 1100 10 {3}

13 1101 10 {0,1,2,3,4, 6,8}

14 1110 10 {0,1,2,3,4,5, 6, 8}

15 1111 reserved reserved

TABLE 2
Transmission
Configuration Period offset

srs-SubframeConfig Binary T ¢z (subirames) Acr (subframes)

0 0000 5 {1}

1 0001 5 {1, 2}

2 0010 5 {1, 3}

3 0011 5 {1, 4}

4 0100 5 {1, 2, 3}

5 0101 5 {1, 2, 4}

6 0110 5 {1, 3, 4}

7 0111 5 {1, 2, 3, 4}

8 1000 10 {1, 2, 6}

9 1001 10 {1, 3, 6}
10 1010 10 {1, 6,7}
11 1011 10 {1, 2, 6, 8}
12 1100 10 {1, 3, 6, 9}
13 1101 10 {1,4, 6,7}
14 1110 reserved reserved
15 1111 reserved reserved

Table 1 and Table 2 may represent cell-specific SRS
subirames as configuration period T.-~ and transmission
oflset A.~~ for FDD (frame structure type 1) and TDD
(frame structure type 2). The total number of possible cases
may be 16. The parameter “srs-SubframeConfig” for each
case may be transmitted by higher-layer signaling of 4 bits,
such as RRC signaling. For example, 1n Table 1, in the case
that the parameter “srs-SubiframeConfig” 1s 7 (*01117), a
corresponding configuration period T.-~ may be “5” and a
corresponding transmission offset A~ may be {0,1}. In this
case, an SRS may be transmitted 1n the first and second
subirames per five subiframes corresponding to the configu-
ration period.

The periodic SRS may represent an SRS transmitted in
corresponding subiframes which are periodically transmitted
according to a specific configuration period T~ and a
specific transmission offset A, 1n each user equipment,
among the above-described cell-specific SRS subirames.

Meanwhile, Table 3 (FDD) and Table 4 (TDD) below may
represent a periodicity and an offset of a UE-specific peri-
odic SRS. Herein, the UE-specific periodic SRS may rep-
resent a periodic SRS defined according to each user equip-
ment.

10

20

25

30

35

40

45

50

55

60

65

TABLE 3
SRS SRS Subframe
Configuration Index Igps SRS Periodicity Tggps (ms) Offset T, 4.,
0-1 2 Lops
7-16 10 lepe — 7
17-36 20 lepe — 17
37-76 40 lepe — 37
77-156 80 lepe — 77
157-316 160 lepe — 157
317-636 320 lepe — 317
637-1023 Reserved reserved
TABLE 4

SRS Configuration SRS Periodicity SRS Subframe

Index Icpc T cpe (MS) Offset T 4.,
0 2 0,1
1 2 0, 2
2 2 1,2
3 2 0, 3
4 2 1,3
5 2 0, 4
6 2 1,4
7 2 2,3
8 2 2,4
9 2 3,4
10-14 5 Iepe — 10
15-24 10 lepe — 15
25-44 20 lepe — 25
45-84 40 [epe — 45
85-164 80 lepe — 85
165-324 160 lepe — 165
325-644 320 lepe — 325
645-1023 reserved reserved

Table 3 and Table 4 may represent UE-specific periodic

SRS subframes as periodicity T gzsand ofiset T 4, tor FDD
and TDD. Herein, UE-specific periodic SRS subirames may
be subframes transmitting a UE-specific periodic SRS. The
total number of possible cases may be 1024. SRS configu-
ration index I .. for each case may be transmitted by
higher-layer signaling of 10 bits, such as RRC signaling. For
example, 1n Table 3, 1n the case that the SRS configuration
index I...1s 3, a corresponding periodicity T, 15 “5” and
a corresponding offset T 4 , 18 “17. In this case, a UE-
specific periodic SRS may be transmitted in the second
subirame per {ive subiframes corresponding to a periodicity.

Information on resource blocks (RBs) when transmitting,
SRS may be transmitted by higher-layer signaling. Herein,
the miformation on RBs may include the number of “cell-
specific occupied RBs” (1.e., all RBs being used for certain
cell). More specifically, in case of the cell-specific occupied
RBs, occupied RBs (1.e., in-use RBs) may represent specific
RBs corresponding to the number of higher-layer signaling
among all RBs corresponding to an entire system bandwidth
(BW). For example, 1n the case that system bandwidth 1s 50
RBs and the number of signaling RBs 1s 48, 1t may mean that
48 RBs are used among a total of 50 RBs. Furthermore, the
information on RBs may include the number of and posi-
tions of “UE-specific occupied RBs” (1.e., RBs being used
by a certain user equipment among the cell-specific occu-
pied RBs).

For example, Table 5 may be used in the case that a
system bandwidth (e.g., an uplink bandwidth) 1s 40 to 60
RBs.

In at least one embodiment, Table 5 may be differently
defined according to corresponding system bandwidths. The
number of cell-specific occupied RBs may be transmitted as
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the parameter C,.. The number of UE-specific occupied
RBs may be defined as the parameter B, .. For example, in
Table 5 below, 1n the case that C,.1s “1” and By 15 “27,
the number (m 5 ) of cell-specific RBs used for transmis-
sion of all SRSs 1s “48”. The number (m g, ,) of RBs used
for a specific user equipment among the cell-specific RBs
used for transmission of all SRSs 1s “2”. Furthermore, the
parameter n,, . may be defined 1n order to represent posi-
tions of RBs used for each user equipment. Such parameters

(e.g2., Cone, Beno, Npn~) may be transmitted by higher-layer
signaling such as RRC signaling.
TABLE 5
SRS- SRS- SRS- SRS-
SRS bandwidth Bandwidth Bandwidth Bandwidth Bandwidth
Cﬂﬂﬁgurﬂtiﬂﬂ B.qp.q — 0 B,qp,q — ]. B,qp,q — 2 B,qp,q — 3
Csrs Mers o Ny Mers 1 N, Mers 2 N, Mlers 3 N3
0 48 24 2 12 2 4 3
1 48 16 3 8 2 4 2
2 40 20 2 4 5 4 1
3 36 12 3 4 3 4 1
4 32 1 16 2 8 2 4 2
5 24 1 4 6 4 ‘ 4
6 20 1 4 5 4 4
7 16 1 4 4 4 4

Furthermore, information (1.e., a transmission comb) on
subcarriers assigned for an SRS may be transmitted by
higher-layer signaling such as RRC. The transmission comb
may be expressed as the parameter k., and the parameter
k-~ may be set as “0” or “1”. For SRS transmission sub-
frames and/or SRS transmission RBs, the parameter k-
may indicate whether subcarriers substantially transmitting,
an SRS sequence through a mapping process are even-
numbered subcarriers or odd-numbered subcarriers. The
transmission comb may also be transmitted by higher-layer
signaling (e.g., RRC signaling) performed for each user
equipment.

In summary, a transmission unit {(e.g., a transmission/
reception point) may transmit the following SRS transmis-
s10on related parameters to user equipment such that the user
equipment can transmit a periodic SRS or a trigger type O
SRS. Herein, such SRS transmission related parameters may
include 1) parameters (e.g., srs-SubframeConfig, 1...) used
for determination of subirames transmitting an SRS, 11)
parameters (e.g., Ccreo Bopo, Nprn) Used for determination
of resource blocks (RBs) transmitting an SRS, 111) a param-
eter (e.g., k,-) used for determination of subcarriers
assigned for SRS transmission, iv) a parameter (e.g., Npc" )
used for determination of cyclic shifts between SRSs, and v)
the number of antenna ports. Such SRS transmission related
parameters may be transmitted by a higher-layer signaling
(c.g., RRC signaling). Table 6 below may represent a
summary of the above-described SRS transmission related
parameters.

TABLE 6
Number
of
SI'S- antenna
SubframeConfie  Icpe Csps Beps DNpre  Kre  Nepes”  ports

Indicated by higher-layer signaling (RRC signaling)

Meanwhile, an SRS may be transmitted in SRS subirames
which are aperiodically configured, among cell-specific SRS
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subirames determined by Table 1 (FDD) or Table 2 (TDD).

In this case, such SRS may be referred to as an aperiodic
SRS or a trigger type 1SRS.

In this case, an SRS may be aperiodically transmitted 1n
UE-specific subirames determined according to Table 7
(FDD) or Table 8 (TDD), among cell-specific SRS sub-
frames determined by Table 1 or Table 2. Herein, the
UE-specific subiframes may have a specific periodicity and

a specific oflset defined according to a corresponding user
equipment as described 1n Table 7 or Table 8. The expression
“SRS 15 aperiodically transmitted” may mean that after some
possible cases for SRS transmission are pre-defined, SRS
transmission associated with such pre-defined cases may be
triggered by dynamic signaling such as downlink control
information (DCI), 1f necessary. As described above, 1n case
of a periodic (trigger type 0) SRS, signaling information for
SRS transmission may be directly transmitted by higher-
layer signaling. Herein, the signaling information for SRS
transmission may include at least one of 1) information on
SRS transmission subirames, 11) information on SRS trans-
mission resource blocks (RBs), 111) information on subcar-
riers assigned for SRS transmission, 1v) information on
cyclic shift used for SRS sequence generation, and v) the
number of antenna ports for SRS transmission. Alterna-
tively, 1n case of an aperiodic (trigger type 1) SRS, some of
signaling information for SRS transmission may not be
directly transmitted to user equipment. However, the SRS
parameter set associated with the some signaling informa-
tion may be pre-defined by higher-layer signaling (e.g., RRC
signaling). Accordingly, only when an SRS transmission 1s
necessary, only a value indicating the pre-defined SRS

parameter set may be transmitted by a dynamic signaling
such as DCI.

TABLE 7

SRS Periodicity Tgpe ; SRS Subframe

SRS Configuration Index Iepe (ms) Offset T 501

0-1 2 leps
2-6 5 lepe — 2
17-31 reserved reserved
TABLE 8

SRS Subtrame
Offset T per 1

SRS Configuration
Index I¢pe

SRS Periodicity
Tsrs,1 (MsS)

b2

) a2 b= O = O = O
§ W SV PN R L R B S B S S B

e

s |

R s R

O o0 -1 Oy o/ O

s |

10-14
15-24
25-31

leps — 10

lepe — 15
reserved

SRR I SN SN S T S R A T AP B A R A B

ek

reserved

For example, 1n case of an aperiodic (trigger type 1) SRS,
an SRS parameter set may include 1) the parameter 1., used
to determine SRS transmission subframes, 11) the parameters
B.,.and n,,~ used to determine SRS transmission resource
blocks (RBs), 11) the parameter k,~ used to determine
subcarriers assigned for SRS transmission, 1v) the parameter

N~ used to determine a cyclic shift of SRS, and v) the
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number of antenna ports. However, the parameters srs-
SubframeConfig and C, . may not be included 1n the SRS
parameter set. In summary, Table 9 below may represent
SRS parameters which are included or excluded 1n the SRS
parameter set.

TABLE 9
Number
of
SI'S- antenna
SubframeConfie Cgpe Lops Beps DNpre  Kre  Nepes”  ports

SRS parameter sets are configured by
higher-layer signaling (RRC signaling)
Indicate an SRS parameter set by
dynamic signaling (DCI)

Indicated by higher-layer
signaling
(RRC signaling)

In case of DCI format 0, a trigger signal of an aperiodic
SRS may have a length of 1 bit. Herein, values transmitted
through the trigger signal may be as described in Table 10
below. Meanwhile, 1n case of DCI format 4, a trigger signal
of an aperiodic SRS may have a length of 2 bits. Herein,

values transmitted through the trigger signal may be as
described 1n Table 11 below.

TABLE 10
Value of SRS request field
(1 bit case) Description
‘0’ No type 1 SRS trigger
‘1 The 1% SRS parameter set configured

by higher layers

TABLE 11

Value of SRS request field

(2 bits case) Description

‘00’ No type 1 SRS trigger

‘01° The 1% SRS parameter set configured
by higher layers

“10° The 279 SRS parameter set configured

by higher layers
“11° The 3™ SRS parameter set configured
by higher layers

For example, 1n case of DCI format 4, when a value of an
SRS request field 1s ‘00°, an aperiodic SRS (or a type 1 SRS)
may not be transmitted. When a value of the SRS request
field 1s ‘017, *10°, or °11°, the aperiodic SRS (or the type 1
SRS) may be transmitted, according to parameters included
in a corresponding SRS parameter set. Herein, the SRS
parameter set may be configured by higher-layer signaling in
advance.

In an SRS transmission method according to [Embodi-
ment 1] the first embodiment (Embodiment 1), independent
transmission of periodic/aperiodic SRS(s) may allow for
estimation of a channel state of uplink associated with a
transmission/reception points (1.e., a diflerent transmaission/
reception point) other than a serving transmission/reception
point. Accordingly, 1t may be possible to overcome a short-
age ol uplink coverage.

Further, a TDD system may independently measure a
downlink channel quality of a serving transmission/recep-
tion point and a downlink channel quality of a diflerent
transmission/reception point. Herein, the TDD system may
use an uplink channel quality measurement and a channel
reciprocity for the serving transmission/reception point and
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the different transmission/reception point. Furthermore, the
SRS transmission method may allow for recognition of a
location or a geometry of user equipment, using an SRS.
Accordingly, 1n the case that user equipment 1s located on
edge of a cell or at the center of the cell, [improvement of}
it may be possible to improve data throughput for a downlink
by using a UE-specific downlink transmission method [may
be possible].

When performing a blind decoding of PDCCH according,
to a sequence configuration of a corresponding SRS, user
equipment may perform the following procedure 1n order to
detect a corresponding uplink grant.

In at least one embodiment, indication information for a
related base sequence number may be included 1n PDCCH,
or the related base sequence number may be dynamically
indicated by RRC parameters (e.g., a parameter having a
length of 1 bit) predefined by RRC signaling. In these cases,
when performing a search for PDCCH, user equipment may
not monitor a common search space but monitor a UE
specific search space (or a UE dedicated search space) to
find an uplink grant. Herein, the uplink grant may include
uplink scheduling information for the user equipment. DCI
format 0 and DCI format 4 may correspond to the uplink
grant. Accordingly, the user equipment may be configured to
monitor the UE specific search space for the uplink grant
including the uplink scheduling information when performs-
ing a search for PDCCH.

Embodiment 2: Association Release

In an SRS transmission method according to [Embodi-
ment 2] the second embodiment (Embodiment 2), a physical
uplink channel may be generated using a reference signal
identity, and an SRS may be generated using a physical cell
identity of a serving transmission/reception point.

According to [Embodiment 2] the second embodiment
(Embodiment 2), at least one of aperiodic and periodic SRSs
may be not associated with PUCCH and PUSCH such that
the at least one of the aperiodic and periodic SRSs 1s not
subject to configuration of PUCCH/PUSCH sequences.
Therefore, a recerving subject for the at least one of aperi-
odic and periodic SRSs may be determined as the serving
transmission/reception point. Meanwhile, a reception point
tor PUSCH or PUCCH may be determined as a transmis-
sion/reception point other than the serving transmission/
reception point (1.e., a downlink transmission subject). In
other words, 1n case of generating sequences for PUSCH/
PUCCH reference signals, a corresponding receiving subject
may be determined as a different transmission/reception
point (1.e., a transmission/reception points other than the
serving transmission/reception point), by defining UE-spe-
cific PUSCH/PUCCH reference signal sequences. Accord-
ingly, a recerving subject of PUSCH/PUCCH and a receiv-
ing subject of an SRS may differ, and therefore PUSCH/
PUCCH transmissions and an SRS transmission may be
separately performed.

FIG. 11 1s a flowchart 1llustrating a method of transmitting,
an SRS in accordance with [Embodiment 2] the second
embodiment (Embodiment 2) of the present [invention]
disclosure.

Referring to FI1G. 11, at step S1110 1n an SRS transmission
method according to [Embodiment 2] the second embodi-
ment (Embodiment 2), user equipment 120 may receive
UE-specific configuration imnformation indicating an uplink
reference signal identity from one transmission/reception
point (e.g., eNB 110) [of] among a plurality of different
transmission/reception points. Herein, the uplink reference
signal identity may be an independent [of] identify distin-
guished from a physical cell identity of the one transmission/




US RE49,595 E

27

reception point (e.g., eNB 110) and 1s associated with an
uplink channel. At step S1120, user equipment 120 may
generate an SRS, using a physical cell 1dentity of the one
transmission/reception point. Herein, the one transmission/
reception point may be a transmission/reception point serv-
ing user equipment 120. At step S1130, user equipment 120
may transmit an uplink channel and related reference signals
(e.g., a demodulation reference signal (DM-RS) associated
with the uplink channel), using the uplink reference signal
identity. More specifically, user equipment 120 may transmut
the uplink channel and related veference signals to a trans-
mission/reception point (e.g., RRH 112) indicated by the
uplink reference signal identity. At step S1140, user equip-
ment 120 may transmit the generated SRS (S1120) to the one
transmission/reception point, 1.¢., the serving transmission/
reception point (e.g., eNB 110).

Herein, the SRS may include at least one of a periodic
SRS and an aperiodic SRS. The uplink channel may include
at least one of PUCCH and PUSCH.

A receiving subject of the uplink channel transmitted at
step S1130 1s determined to be a transmission/reception
point (e.g., RRH 112) different from the serving transmis-
s1on/reception point (e.g., eNB 110) serving user equipment
120. Thus, a rece1rving subject of an uplink channel may be
independently determined by an uplink reference signal
identity. However, a transmission/reception point (e.g., eNB
110) serving user equipment 120 may not necessarily be
excluded from a receiving subject of the uplink channel.
In an SRS transmission method described with reference
to FIG. 11, an SRS may be independently transmitted while
other channels are not transmitted. Alternatively, the SRS
and at least one of PUCCH and PUSCH may be simulta-
neously transmitted 1n one sub frame.

As described above, an SRS may include at least one of
a pertodic SRS and an aperiodic SRS. An uplink channel

may include at least one of PUCCH and PUSCH. Accord-
ingly, 1in the case that an SRS transmission 1s performed
according to the method shown in FIG. 11, a variety of
embodiments may be present.

Hereinatter, a variety of embodiments of transmitting an

SRS according to an SRS transmission method illustrated 1n
FIG. 11 will be described with reference to FIG. 12 to FIG.

19.

FIG. 12 illustrates transmitting an SRS to a serving
transmission/reception point when PUCCH 1s transmitted to
a transmission/reception point other than the serving trans-
mission/reception point, 1n a CoMP environment in which
transmission/reception points use different cell identities
(e.g., cell ID #1 and cell ID #2).

FIG. 13 illustrates transmitting an SRS to a serving
transmission/reception point when PUCCH 1s transmitted to
a transmission/reception point other than the serving trans-
mission/reception point, 1mn a CoMP environment in which
transmission/reception points use the same cell identity
(e.g., cell ID #0).

Referring to FIG. 12 and FIG. 13, 1n the case that DM-RS
identity of PUCCH 1s defined to indicate a transmission/
reception point different from a serving transmission/recep-
tion point, the SRS may be transmitted to the serving
transmission/reception point. Accordingly, the SRS and
PUCCH may be separately transmitted.

FIG. 14 illustrates transmitting an SRS to a serving
transmission/reception point when PUSCH 1s transmitted to
a transmission/reception point other than the serving trans-
mission/reception point, 1n a CoMP environment in which
transmission/reception points use different cell identities

(e.g., cell ID #1 and cell ID #2).

10

15

20

25

30

35

40

45

50

55

60

65

28

FIG. 15 illustrates transmitting an SRS to a serving
transmission/reception point when PUSCH 1s transmitted to
a transmission/reception point other than the serving trans-
mission/reception point, in a CoMP environment 1n which
transmission/reception points use the same cell i1dentity
(e.g., cell ID #0).

Referring to FI1G. 14 and FIG. 15, 1n the case that DM-RS
identity of PUSCH 1s defined to indicate a transmission/
reception point different from the serving transmission/
reception point, the SRS may be transmitted to the serving
transmission/reception point. Accordingly, the SRS and
PUSCH may be separately transmitted.

FIG. 16 illustrates transmitting an SRS to a serving
transmission/reception point when PUSCH and PUCCH are
transmitted to a transmission/reception point other than the
serving transmission/reception point, in a CoMP environ-
ment 1 which transmission/reception points use diflerent
cell identities (e.g., cell ID #1 and cell 1D #2).

FIG. 17 illustrates transmitting an SRS to a serving
transmission/reception point when PUSCH and PUCCH are
transmitted to a transmission/reception point other than the
serving transmission/reception point, mn a CoMP environ-
ment 1n which transmission/reception points use the same
cell identity (e.g., cell ID #0).

Referring to FIG. 16 and FIG. 17, 1n the case that DM-RS
identities of PUSCH and PUCCH are defined to indicate a
transmission/reception point different from a serving trans-
mission/reception point, the SRS may be transmitted to the
serving transmission/reception point. Accordingly, the SRS
and PUSCH/PUCCH may be separately transmitted.

In an SRS transmission method as described 1n FIG. 11,
an SRS generated based on a physical cell identity of a
serving transmission/reception point may be at least one of
a periodic SRS and an aperiodic SRS. Accordingly, the
periodic SRS and the aperiodic SRS may be transmitted to
the serving transmission/reception point, independently
from an uplink channel. In at least one embodiment, one of
the periodic SRS and the aperiodic SRS may be generated
using the cell identity of the serving transmission/reception
point, and the other SRS may be generated using an uplink
reference signal identity.

That 1s, a sequence group number and a base sequence
number of an aperiodic SRS sequence may be defined
according to a sequence configuration of PUCCH or
PUSCH. However, a sequence group number and a base
sequence number of the periodic SRS sequence may be
defined such that the periodic SRS 1s transmitted to the
serving transmission/reception point.

In other words, an aperiodic SRS may be generated using,
a reference signal identity n,,”" associated with PUCCH or
a reference signal identity n, ;" associated with PUSCH, as
described 1n Formula 1 to Formula 6. Meanwhile, a periodic
SRS may be generated using a cell ID N,,,°”. Hereinafter,
a variety of embodiments for such SRS generation will be
described with reference to FIG. 18 and FIG. 19.

FIG. 18 illustrates transmitting a periodic SRS to a
serving transmission/reception point and transmitting an
aperiodic SRS 1n association with PUCCH when the
PUCCH 1s transmitted to a transmission/reception point
other than the serving transmission/reception point, in a
CoMP environment 1n which transmission/reception points
use diflerent cell 1dentities (e.g., cell ID #1 and cell ID #2).

FIG. 19 illustrates transmitting a periodic SRS to a
serving transmission/reception point and transmitting an
apertodic SRS 1n association with PUCCH when the
PUCCH 1s transmitted to a transmission/reception point
other than the serving transmission/reception point, 1 a




US RE49,595 E

29

CoMP environment in which transmission/reception points
use the same cell identity (e.g., cell ID #0).

As described 1n FIG. 18 and FIG. 19, the periodic SRS
may be transmitted to the serving transmission/reception
point, and the aperiodic SRS may be transmitted 1n asso-
ciation with the PUCCH, but the present [invention] disclo-
sure 1s not limited thereto. On the contrary, the aperiodic
SRS may be transmitted to the serving transmission/recep-
tion point, and the periodic SRS may be transmitted in
association with the PUCCH. In some embodiments of the
present [invention] disclosure, the aperiodic SRS or the
periodic SRS may be associated with PUSCH other than the
PUCCH.

Referring to FIG. 11, FIG. 18, and FIG. 19, 1n an SRS
generation procedure of step S1120, one of a periodic SRS
and an aperiodic SRS may be generated using a physical cell
identity of a serving transmission/reception point (e.g., eNB
110), and the other SRS may be generated using an uplink
reference signal identity. In an SRS transmission procedure
of S1140, one of the periodic SRS and the aperiodic SRS
may be transmitted to the serving transmission/reception
point (e.g., eNB 110), and the other SRS may be transmitted
to a transmission/reception point (e.g., RRH 112) indicated
by the uplink reference signal identity.

Referring back to FIG. 11, at step S1110, eNB 110
corresponding to a certain transmission/reception point may
transmit UE-specific configuration information to user
equipment 120 belonging to eNB 110. Accordingly, user
equipment 120 may receive the UE-specific configuration
information at step S1110.

The UE-specific configuration information may include
UE-specific parameters which are specifically determined
for user equipment 120 belonging to eNB 110. For example,
the UE-specific configuration information may include UE-
specific parameters 1ndicating a reference signal identity
n,,” associated with PUCCH and a reference signal iden-
tity n,, associated with PUSCH. Herein, the reference
signal identity n,,,”> associated with the PUCCH may be
used to determine a UE-specific PUCCH sequence and a
UE-specific reference signal sequence associated with the
PUCCH. The reference signal identity n,,,~ associated with
PUSCH may be used to determine a UE-specific PUSCH
sequence and a UE-specific reference signal sequence asso-
ciated with the PUSCH. UE-specific parameters indicating

the reference signal identities n,,™> and n,;™ associated

with PUCCH/PUSCH may be different from a cell-specific
parameter indicating a cell ID (N,,,°“) of a cell to which
user equipment 120 belongs.

eNB 110 may dynamically transmit the UE-specific con-
figuration information to user equipment 120 through
PDCCH/EPDCCH. Herein, the UE-specific configuration
information may include UE-specific parameters indicating
a reference signal identity n,," associated with PUCCH
and a reference signal identity n,,* associated with
PUSCH. Alternatively, the UE-specific configuration infor-
mation may be determined semi-statically by higher layers
such as RRC layer, or be determined in advance through
RRC. In this case, eNB 110 may provide indication infor-

mation for use of the pre-determined UE-specific configu-
ration information, through PDCCH/EPDCCH.

For each of PUCCH and PUSCH, user equipment 120
may generate a base sequence for each of a reference signal
associated with PUCCH and/or a reference signal associated
with PUSCH, using UE-specific configuration information.
Herein, the UE-specific configuration information may
include a reference signal identity n,,~ associated with

PUCCH and/or a reference signal identity n,,;” associated
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with PUSCH. For example, in each case of PUSCH and
PUCCH, user equipment 120 may generate base sequences

r,,(n) for DM-RS. Such base sequences (e.g., a base

sequence for PUSCH and a base sequence for PUCCH) may
be differently generated according to a sequence group
number u and a base sequence number v within a corre-
sponding sequence group. The reference signal identity
n, > associated with the PUCCH and/or the reference
signal identity n,,*>" associated with the PUSCH may be
used in place of a cell ID N,,°*” to determine the sequence
group number u and the base sequence number v within the
corresponding sequence group.

At step S1130, user equipment 120 may transmit a DM-
RS through an assigned radio resource to a transmission/
reception point (e.g., RRH 112) indicated by the reference
signal identity n, > associated with the PUCCH or the
reference signal identity n, ;"> associated with the PUSCH.
Herein, the DM-RS may be generated using a base
sequence, a cyclic shift, and an orthogonal code (or an
orthogonal cover code). In case of an uplink DM-RS asso-
ciated with PUCCH or PUSCH, user equipment 120 may
transmit the uplink DM-RS using a maximum of three
symbols per slot.

In addition, at step S1130, user equipment 120 may
transmit PUCCH through the same frequency band as a
frequency band assigned for an uplink DM-RS associated
with the PUCCH. Furthermore, at step S1130, user equip-
ment 120 may transmit PUSCH through the same frequency
band as a frequency band assigned for an uplink DM-RS
associated with the PUSCH. Only RRH 112 corresponding
to a transmission/reception point capable of receiving DM -
RS among transmission/reception points may receive the
PUCCH or PUSCH using the received DM-RS.

At step S1120, user equipment 120 may generate an SRS
using UE-specific configuration information including cell
ID N, ,°*" of a serving transmission/reception point such that
a recerving subject of the SRS 1s the serving transmission/
reception point regardless of configuration of a reception
point for PUSCH or PUCCH. An SRS generation procedure
described at step S1120 may be substantially the same as an
SRS generation procedure (step S420) of [Embodiment 1}
the first embodiment (Embodiment 1) described with refer-
ence to FIG. 4, except that the cell ID N,,°°” of the serving
transmission/reception point 1s used when generating the
SRS according to Formula 1 to Formula 6.

At step S1120, SRS sequence may be generated by
Formula 1 using a base sequence defined by Formula 2 and
a cyclic shift (CS) a; defined by Formula 6. Such SRS
sequence generation procedure (S1120) may be performed
by OFDM modulator 2010 shown 1 FIG. 20.

At step S1140, user equipment 120 may assign radio

resources for SRS transmission, and transmit the generated
SRS (51120) through the assigned radio resources, to a
trans%}ission/reception pomnt (e.g., eNB 110) indicated by
N,
At step S1140, DM-RS sequences generated by Formula
1 may be mapped to corresponding symbols of a subirame.
Such operation of S1140 may be performed through
resource element mapper 2020 shown 1n FIG. 20.

As shown m FIG. 21 and FIG. 22, an SRS may be
transmitted by the last symbol of a subframe. A sufliciently
wideband SRS transmission may be performed such that
channel quality of an entire frequency band of interest can
be estimated with a single SRS transmission. Alternatively,
a sequence of SRS transmissions may jointly cover the
entire frequency band of interest, by transmitting a narrow-
band SRS using hopping in the frequency domain.
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As described above, when the SRS 1s mapped to resource
clements, SC-FDMA symbols may be generated by a SC-
FDMA generator (not shown i FIG. 20). SRS signals
corresponding to the generated SC-FDMA symbols may be
transmitted to a corresponding transmission/reception point.

In the second embodiment (Embodiment 2) described
above, 1n the case that reception points of PUCCH or
PUSCH are determined as a transmission/reception points
different from a serving transmission/reception point, a
receiving subject of an SRS may be determined as the
serving transmission/reception point. That 1s, the SRS may
be transmitted 1n a state that an association relation between
the SRS and the PUCCH/PUSCH 1s released. Such trans-
mission of the SRS may allow for estimation of an uplink
channel state of the serving transmission/reception point.
Meanwhile, the PUCCH or PUSCH may be transmitted to a
transmission/reception point different from the serving
transmission/reception point such that MU-MIMO can be
applied to secure channel reliability and to improve an
uplink transmission speed. Herein, the different transmis-
s1on/reception point may have a comparatively higher geom-
etry. Accordingly, 1t may be possible to overcome a shortage
of uplink coverage and to increase an uplink transmission
speed.

As described 1n the first and second embodiments (Em-
bodiment 1 and Embodiment 2), in the case of transmitting,
a periodic SRS and/or an aperiodic SRS, an SRS sequence
may be defined independently from the PUCCH and/or the
PUSCH. In the case that recerving subjects of the PUCCH
and/or the PUSCH are not a serving transmission/reception
point, an SRS sequence may be defined such that a receiving
subject of the SRS 1s the serving transmission/reception
point.

In some embodiments diflerent from the first and second
embodiments (Embodiment 1 and Embodiment 2), in the
case of transmitting a periodic SRS and/or an aperiodic SRS,
a sequence group number and a base sequence number of an
SRS sequence for SRS generation may be generated 1in
association with a PUCCH sequence or a PUSCH sequence.

Hereinatter, a transmission procedure of an uplink refer-
ence signal will be priorly described 1n order to explain a
procedure transmitting an SRS 1n association with PUCCH
or PUSCH.

FI1G. 23 1s a flowchart 1llustrating a method of transmitting,
an uplink reference signal 1n user equipment 1n accordance
with at least one embodiment.

Referring to FIG. 23, at step S2310, user equipment 120
may recerve UE-specific configuration information indicat-
ing an uplink reference signal identity from one transmis-
sion/reception point (e.g., eNB 110) [of] among a plurality
of [different] transmission/reception points. Herein, the
uplink reference signal i1dentity may be independent of a
physical cell identity of the one transmission/reception point
(e.g., eNB 110) and be associated with an uplink channel. At
step S2320, user equipment 120 may generate an uplink
reference signal associated with the uplink channel, using
the uplink reference signal identity. At step S2330, user
equipment 120 may transmit the generated uplink reference
signal to a transmission/reception point (e.g., RRH 112)
indicated by the uplink reference signal 1dentity.

In the above-described method of transmitting an uplink
reference signal, the uplink reference signal may be a
DM-RS for demodulation of a physical uplink channel.
Herein, the physical uplink channel may be at least one of
PUCCH and PUSCH.

According to an uplink reference signal transmission
method described 1in FIG. 23, an uplink reference signal may
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be generated from an uplink reference signal identity.
Herein, the uplink reference signal identity may be ar
independent [of] identity distinguished from a physical cell
identity of a transmission/reception point (e.g., eNB 110)
performing a downlink channel transmission to user equip-
ment 120. Accordingly, a receiving subject of the uplink
reference signal transmitted by user equipment 120 may be
determined as a transmission/reception point (e.g., RRH
112) other than the transmission/reception point (e.g., eNB
110) performing a downlink channel transmission. In at least
one embodiment, even though not shown 1n FIG. 4, as long
as a receiving subject of an uplink reference signal 1s
necessary to be independently determined, the receiving
subject of the uplink reference signal may be the transmis-
sion/reception point (e.g., eNB 110) performing a downlink
channel transmission.

When an uplink reference signal 1s generated from an
independent uplink reference signal identity as described 1n
FIG. 23, an SRS may also be generated from the same uplink
reference signal 1dentity.

As described above, when an uplink reference signal
sequence and an SRS sequence are generated from the same
uplink reference signal 1dentity, receiving subjects of these
sequences may be the same by establishing an association
relation between a physical uplink channel and an SRS. That
1s, the SRS may be transmitted 1n association with the uplink
channel.

As described above, the SRS may include at least one of
a periodic SRS and an aperiodic SRS.

According to an uplink reference signal transmission
method described in FI1G. 23, receiving subjects of an uplink
reference signal may be variously changed. In case of
transmitting an SRS associated with such uplink reference
signal, periodic or aperiodic SRSs may be associated with a
physical uplink channel, 1.e., PUCCH or PUSCH. In this
case, a variety of embodiments may be present.

Heremaiter, a method of transmitting an SRS associated
with an uplink reference signal as shown 1n FIG. 23 will be
described according to each of a third embodiment (Embodi-
ment 3) and a fourth embodiment (Embodiment 4) below.
Embodiment 3: Association with PUCCH

The third embodiment (Embodiment 3) may represent a
case 1n which a physical uplink channel 1s PUCCH. In other
words, 1 the third embodiment (Embodiment 3), an SRS
may be transmitted 1n association with PUCCH. The fourth
embodiment (Embodiment 4) may represent a case in which
a physical uplink channel 1s PUSCH. In other words, 1n the

fourth (Embodiment 4), an SRS may be transmitted in

association with PUSCH.

FIG. 24 1s a flowchart illustrating a method of transmitting,
an SRS associated with PUCCH 1n accordance with at least
one embodiment. In an SRS transmission method described
in FIG. 24, an SRS may be transmitted in association with
an uplink reference signal. Accordingly, the flowchart shown
in FIG. 24 may include a transmission procedure transmit-
ting an uplink reference signal and a physical uplink channel
associated with the uplink reference signal as shown in FIG.
23.

Referring to FIG. 24, at step S2410 1in an SRS transmis-
sion method according to the third embodiment (Embodi-
ment 3), user equipment 120 may receive UE-specific con-
figuration mformation mdicating an uplink reference signal
identity from one transmission/reception point (e.g., eNB
110) of a plurality of diflerent transmission/reception points.
Herein, the uplink reference signal identity may be arn
independent [of] identity distinguished from a physical cell
identity of the one transmission/reception point (e.g., eNB
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110) and be associated with PUCCH. At step S2420, user
equipment 120 may generate at least a portion of an SRS
(1.e., all or a portion of an SRS), using the uplink reference
signal 1dentity. At step S2430, user equipment 120 may
transmit a reference signal associated with the PUCCH, to a
transmission/reception point (e.g., RRH 112) indicated by
the uplink reference signal identity. At step S2440, user
equipment 120 may transmit PUCCH to the transmission/
reception poimnt (e.g., RRH 112) indicated by the uplink
reference signal identity. At step S2450, user equipment 120
may transmit the generated SRS to the transmission/recep-
tion point (e.g., RRH 112) indicated by the uplink reference
signal 1dentity.

In FIG. 24, steps S2430 and S2440 may be simultane-
ously performed. The SRS and the PUCCH may be trans-

mitted together 1n one subirame.

According to the third embodiment (Embodiment 3)
shown 1 FIG. 24, a reception point of PUCCH may be
determined as a transmission/reception point different from
a serving transmission/reception point to which user equip-
ment belongs. That 1s, a PUCCH transmission to the differ-
ent transmission/reception points may performed by defin-
ing a UE-specific PUCCH sequence and a UE-specific
reference signal sequence associated with the PUCCH when
PUCCH sequence and a reference signal sequence associ-
ated with the PUCCH sequence are generated. In this case,
a periodic SRS or an aperiodic SRS may be defined accord-
ing to a sequence configuration for PUCCH and a reference
signal associated with the PUCCH. Accordingly, the
PUCCH and an SRS may be transmitted to the same target
transmission/reception point through an uplink.

FIG. 235 to FIG. 30 illustrate a variety of embodiments
transmitting at least a portion of an SRS associated with
PUCCH, according to an SRS transmission method shown

in FIG. 24.

FI1G. 25 illustrates transmaitting all uplink-related channels
to a transmission/reception point different from a serving
transmission/reception point to which user equipment
belongs, in a CoMP environment in which transmission/
reception points use different cell identities (e.g., cell 1D #1

and cell 1D #2).

FIG. 26 illustrates transmitting all uplink-related channels
to a transmission/reception point different from a serving
transmission/reception point to which user equipment
belongs, in a CoMP environment i which transmaission/
reception points use the same cell identity (e.g., cell ID #0).

Referring to FIG. 25 and FIG. 26, an SRS and PUCCH
may be transmitted to the same transmaission/reception point
due to association between the SRS and the PUCCH. When
PUCCH and PUSCH are transmitted to a transmission/
reception points (e.g., RRH 112) different from a serving
transmission/reception point (e.g., eNB 110) to which user
equipment 120 belongs, an SRS of user equipment 120 may
be transmitted along with the PUCCH and the PUSCH, to
the different transmission/reception point (e.g., RRH 112).
Herein, the different transmission/reception points (e.g.,
RRH 112) may have a comparatively higher geometry and
a comparatively better channel quality. Accordingly, all
uplink channels (e.g., PUCCH. PUSCH, and SRS) may be
transmitted to the different transmission/reception points
(e.g., RRH 112).

FI1G. 27 1llustrates transmitting an SRS 1n association with
PUCCH, 1n a CoMP environment in which transmission/
reception points use different cell identities (e.g., cell 1D #1

and cell ID #2).
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FIG. 28 1llustrates transmitting an SRS 1n association with
PUCCH, 1n a CoMP environment in which transmission/
reception points use the same cell identity (e.g., cell ID #0).

Retferring to FIG. 27 and FIG. 28, a physical downlink
control channel (PDCCH) and a physical downlink shared
channel (PDSCH) may be received from a serving trans-
mission/reception point (e.g., eNB 110) to which user equip-
ment 120 belongs. PUSCH may be transmitted to the serving
transmission/reception point (e.g., eNB 110) to which user
equipment 120 belongs. PUCCH and an SRS may be
transmitted to a transmission/reception point (e.g., RRH
112) different from the serving transmission/reception point
(e.g., eNB 110) to which user equipment 120 belongs.
Herein, the PUCCH corresponding to one of uplink channels
may transmit ACK/NACK corresponding to a response to a
downlink transmission, channel state information, and so
forth.

FIG. 29 1llustrates transmitting an aperiodic SRS 1n asso-
ciation with PUCCH, 1n a CoMP environment in which
transmission/reception points use different cell identities
(e.g., cell ID #1 and cell ID #2).

FIG. 30 1llustrates transmitting an aperiodic SRS 1n asso-
ciation with PUCCH, 1in a CoMP environment in which
transmission/reception points use the same cell i1dentity
(e.g., cell ID #0).

Reterring to FIG. 29 and FIG. 30, PDCCH and PDSCH
may be received from a serving transmission/reception point
(e.g., eNB 110) to which user equipment 120 belongs.
PUSCH and a periodic SRS may be transmitted to the
serving transmission/reception point (e.g., eNB 110) to
which user equipment 120 belongs. PUCCH and an aperi-
odic SRS may be transmitted to a transmission/reception
point (e.g., RRH 112) different from the serving transmis-
sion/reception point (e.g., eNB 110) to which user equip-
ment 120 belongs. Herein, the PUCCH corresponding to one
of uplink channels may transmit ACK/NACK corresponding
to a response to a downlink transmission, channel state
information, and so forth.

According to an uplink reference signal transmission
method described with reference to FIG. 23, and the third
embodiment (Embodiment 3) related to an SRS transmission
described with reference to FIG. 24 to FIG. 30, UE-specific
configuration information recerved by user equipment may
include reference signal identities n,,"> and n,,;"~" . Herein,
the reference signal identity n, ;" may be used to determine
a UE-specific PUCCH and a UE-specific reference signal
identity associated with PUCCH. The reference signal 1den-
tity n,,~> may be used to determine a UE-specific PUSCH
and a UE-specific reference signal 1dentity associated with
PUSCH. In this case, the reference signal identity n,;™
associated with the PUCCH and the reference signal identity
n,;"" associated with the PUSCH may be different from or
the same as a cell-specific parameter indicating a cell 1D
(N,,°¢") of a cell to which user equipment 120 belongs. A
receiving subject of a physical uplink channel (e.g., PUCCH
or PUSCH) may be determined as a transmission/reception
point different from a serving transmission/reception point
(e.g., eNB 110) serving user equipment 120, by indepen-
dently defining a reference signal identity for PUCCH/
PUSCH generation. In the case that a reference signal
identity associated with the PUCCH is n,;*°, an SRS
identity may be identically defined as n,,”™. Accordingly,
when generating an SRS, n,,” may be used in place of a
serving cell ID N,,°*”. That is, in Formula 1 to Formula 6
used 1n an SRS sequence generation procedure, an SRS may
be generated using the reference signal identity n,;"™> asso-

ciated with the PUCCH. The generated SRS may be trans-
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mitted to a transmission/reception point (e.g., RRH 112)
indicated by the used reference signal 1dentity. In addition,
n,,"> may not necessarily indicate a transmission/reception
point (e.g., RRH 112) different from a serving transmission/
reception point, and may indicate the serving transmaission/
reception point (e.g., eNB 110).

Furthermore, 1n FIG. 24, an SRS may be at least one of
a periodic SRS and an aperiodic SRS. Accordingly, only the

aperiodic SRS may be transmitted in association with
PUCCH, as described with reference to FIG. 29 and FIG. 30.

Receiving subjects may be different according to whether
an SRS to be transmitted 1s a periodic SRS or an aperiodic
SRS. For example, the periodic SRS may be transmitted to
a serving transmission/reception point serving user equip-
ment 120. The aperiodic SRS may be defined according to
a sequence configuration used for PUCCH. Accordingly, the
PUCCH and the aperiodic SRS may be transmitted to the
same target transmission/reception point.

In other words, the aperiodic SRS may be generated using,
the reference signal identity n,, ;> associated with PUCCH,
in Formula 1 to Formula 6. The generated aperiodic SRS
may be transmitted to a transmission/reception point (e.g.,
RRH 112) indicated by the reference signal identity n,,;"™
associated with the PUCCH. Meanwhile, the periodic SRS
may be generated using a cell ID (N,,°°“) of a serving
transmission/reception point (e.g., eNB 110) in Formula 1 to
Formula 6. The periodic SRS may be transmitted to the
serving transmission/reception point.

On the contrary, even though it 1s not shown 1n figures, an
aperiodic SRS may be transmitted to a serving transmission/
reception point serving user equipment 120. A periodic SRS
may be defined according to a sequence configuration used
tor PUCCH. Accordingly, the PUCCH and the periodic SRS
may be transmitted to the same target transmission/reception
point.

In an SRS transmission method according to the third
embodiment (Embodiment 3), an SRS transmission associ-
ated with PUCCH may make it to estimate an uplink channel
state of a transmission/reception points different from a
serving transmission/reception point. Accordingly, over-
coming a shortage of uplink coverage may be possible.

Further, a TDD system may independently measure
downlink channel quality of a serving transmission/recep-
tion point and a downlink channel quality of a diflerent
transmission/reception point (1.e., a transmission/reception
points different from a serving transmission/reception
point). Herein, the TDD system may use an uplink channel
quality measurement and a channel reciprocity for the
serving transmission/reception point and the different trans-
mission/reception point. Furthermore, the SRS transmission
method may make it possible to recognize a location or a
geometry of user equipment, using an SRS. Accordingly, 1n
the case that user equipment 1s located on edge of a cell or
at the center of the cell, it may be possible to improve data
throughput for a downlink by using a UE-specific downlink
transmission method.

In at least one embodiment, only an aperiodic SRS may
be transmitted 1n association with PUCCH. In such embodi-
ment, an aperiodic SRS transmission triggered by a base
station may make it to estimate an uplink channel state of a
transmission/reception point diflerent from a serving trans-
mission/reception point. Accordingly, overcoming a short-
age ol uplink coverage may be possible.

Embodiment 4: Association with PUSCH

The fourth embodiment (Embodiment 4) may represent a

case 1 which at least a portion of an SRS 1s transmitted 1n
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association with PUSCH. Hereinatter, the fourth embodi-
ment (Embodiment 4) will be described with reference to

FIG. 31 to FIG. 35.

FIG. 31 1s a flowchart illustrating a method of transmitting,
a sounding reference signal (SRS) associated with PUSCH
in accordance with at least one embodiment.

Such as shown 1n FIG. 24, 1n an SRS transmission method
described 1n FIG. 31, an SRS may be transmitted 1n asso-
ciation with an uplink reference signal. Accordingly, the
flowchart shown 1n FIG. 31 may include a transmission
procedure transmitting an uplink reference signal and a
physical uplink channel associated with the uplink reference
signal as shown in FIG. 23.

Referring to FIG. 31, at step S3110 1in an SRS transmis-
sion method according to at least one embodiment, user
equipment 120 may receive UE-specific configuration infor-
mation indicating an uplink reference signal i1dentity from
one transmission/reception point (e.g., eNB 110) Jof] among
a plurality of different transmission/reception points. Herein,
the uplink reference signal identity may be ar independent
[of] identify distinguished from a physical cell identity of the
one transmission/reception point (e.g., eNB 110) and be
associated with PUSCH. At step S3120, user equipment 120
may generate at least a portion of an SRS, using the uplink
reference signal identity. At step S3130, user equipment 120
may transmit a reference signal associated with the PUSCH,
to a transmission/reception point (e.g., RRH 112) indicated
by the uplink reference signal identity. At step S3140, user
equipment 120 may transmit the PUSCH to the transmis-
s1on/reception point (e.g., RRH 112) indicated by the uplink
reference signal 1identity. At step S3150, user equipment 120
may transmit the generated SRS to the transmission/recep-
tion point (e.g., RRH 112) indicated by the uplink reference
signal 1dentity.

In FIG. 31, steps S3130 and S3140 may be simultane-

ously performed. The SRS and the PUSCH may be trans-
mitted together 1n one subiframe. Alternatively, the SRS, the
PUSCH, and PUCCH may be simultaneously transmitted 1n
one sublrame.

According to the fourth embodiment (Embodiment 4), a
reception point of PUSCH may be determined as a trans-
mission/reception point diflerent from a serving transmis-
sion/reception to which user equipment belongs. That 1s, a
PUSCH transmission to the different transmission/reception
points may performed by defining a UE-specific PUSCH
sequence and a UE-specific reference signal sequence asso-
ciated with the PUSCH when PUSCH sequence and a
reference signal sequence associated with the PUSCH
sequence are generated. In this case, a periodic SRS or an
apertodic SRS may be defined according to a sequence
configuration used for the PUSCH and a reference signal
associated with the PUSCH. Accordingly, the PUSCH and
an SRS may be transmitted to the same target transmission/
reception point through an uplink.

In this case, receiving subjects of PUSCH may be the
same as receiving subjects of periodic and/or aperiodic
SRSs. In the case that receiving subjects of the PUSCH and
PUCCH are the same, embodiments of an SRS transmission
described with reference to FIG. 25 and FIG. 26 among
descriptions of [Embodiment 1] the first embodiment (Em-
bodiment 1) may be applied to the fourth embodiment
(Embodiment 4).

FIG. 32 to FIG. 35 illustrate a variety of embodiments
transmitting an SRS associated with PUSCH, according to
SRS transmission methods shown 1n FIG. 25, FIG. 26, and
FIG. 31.
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FIG. 32 illustrates transmitting an SRS 1n association with
PUSCH, in a CoMP environment in which transmission/
reception points use different cell identities (e.g., cell 1D #1
and cell 1D #2).

FI1G. 33 1llustrates transmitting an SRS 1n association with
PUSCH, in a CoMP environment in which transmission/
reception points use the same cell identity (e.g., cell ID #0).

Referring to FIG. 32 and FIG. 33, PDCCH and PDSCH
may be received from a serving transmission/reception point
(e.g., eNB 110) to which user equipment 120 belongs.
PUCCH corresponding to one of the uplink channels may be
transmitted to the serving transmission/reception point (€.g.,
e¢NB 110) to which user equipment 120 belongs. Herein, the
PUCCH may transmit ACK/NACK corresponding to a
response to a downlink transmission, channel state informa-
tion, and so forth. PUSCH and an SRS may be transmitted
to a transmission/reception point (e.g., RRH 112) different
from the serving transmission/reception point (e.g., eNB
110) to which user equipment 120 belongs.

FI1G. 34 illustrates transmitting an aperiodic SRS 1n asso-
ciation with PUSCH, 1n a CoMP environment in which
transmission/reception points use different cell identities
(e.g., cell ID #1 and cell ID #2).

FI1G. 35 illustrates transmitting an aperiodic SRS 1n asso-
ciation with PUSCH, 1n a CoMP environment in which
transmission/reception points use the same cell identity
(e.g., cell ID #0).

Referring to FIG. 34 and FIG. 35, PDCCH and PDSCH
may be received from a serving transmission/reception point
(c.g., eNB 110) to which user equipment 120 belongs.
PUCCH and a periodic SRS may be transmitted to the
serving transmission/reception point (e.g., eNB 110) to
which user equipment 120 belongs. Herein, the PUCCH
corresponding to one ol uplink channels may transmit
ACK/NACK corresponding to a response to a downlink
transmission, channel state information, and so {forth.
PUSCH and an aperiodic SRS may be transmitted to a
transmlsswn/receptlon point (e.g., RRH 112) different from
the serving transmission/reception point (e.g., eNB 110) to
which user equipment 120 belongs.

According to the fourth embodiment (Embodiment 4)
described with reference to FIG. 31 to FIG. 35, in the case
that a reference signal identity associated with PUSCH 1S
n,,”>", an SRS identity may be identically deﬁned as N,
Accordmgly, when generating an SRS, 11! >"may be used in
place of a serving cell ID n,,,°”. That is, in Formula 1 to
Formula 6 used 1 an SRS sequence generation procedure,
an SRS may be generated using the reference signal identity
n,,"" associated with the PUSCH. The generated SRS may
be transmitted to a transmission/reception point (e.g., RRH
112) indicated by the used reference signal identity n,,,*"". In
addition, n,," may not necessarily indicate a transmission/
reception point (e.g., RRH 112) different from a serving
transmission/reception point, and may indicate the serving
transmission/reception point (e.g., eNB 110).

Furthermore, in FIG. 31, an SRS may be at least one of
a periodic SRS and an aperiodic SRS. Accordingly, only the
aperiodic SRS may be transmitted in association with
PUSCH, as described with reference to FIG. 34 and FIG. 35.

Recei1ving subjects may be different according to whether
an SRS to be transmitted 1s a periodic SRS or an aperiodic
SRS. For example, the periodic SRS may be transmitted to
a serving transmission/reception point serving user equip-
ment 120. The aperiodic SRS may be defined according to
a sequence configuration used for PUSCH. Accordingly, the
PUSCH and the aperiodic SRS may be transmitted to the

same target transmission/reception point through an uplink.
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In other words, an aperiodic SRS may be generated using
the reference signal identity n,,,*>" associated with PUSCH,
in Formula 1 to Formula 6. The generated aperiodic SRS
may be transmitted to a transmission/reception point (e. g 3
RRH 112) indicated by the reference signal identity n, ;"
associated with the PUSCH. Meanwhile, a periodic SRS

may be generated using a cell ID (N ID’SEZE) of a serving
transmission/reception point (e.g., eNB 110) in Formula 1 to
Formula 6. The periodic SRS may be transmitted to the
serving transmission/reception point.

Alternatively, although not shown in figures, an aperiodic
SRS may be transmitted to a serving transmission/reception
point serving user equipment 120. A periodic SRS may be
defined according to a sequence configuration used for
PUSCH. Accordingly, the PUSCH and the periodic SRS

may be transmitted to the same target transmission/reception
point through an uplink.

In an SRS transmission method according to the fourth
embodiment (Embodiment 4), an SRS transmission associ-
ated with PUSCH may allow for estimation of an uplink
channel state ol a transmission/reception point different
from a serving transmission/reception point. Accordingly,
overcoming a shortage of uplink coverage may be possible.

Further, a TDD system may independently measure a
downlink channel quality of a serving transmission/recep-
tion point and a downlink channel quality of a different
transmission/reception point (i.€., a transmission/reception
pomnt different from the serving transmission/reception
point). Herein, the TDD system may use an uplink channel
quality measurement and a channel reciprocity for the
serving transmission/reception point and the different trans-
mission/reception point. Furthermore, the SRS transmission
method may make it possible to recognize a location or a
geometry of user equipment, using an SRS. Accordingly, 1n
the case that user equipment 1s located on edge of a cell or
at the center of the cell, it may be possible to improve data
throughput for a downlink by using a UE-specific downlink
transmission method.

In at least one embodiment, only an aperiodic SRS may
be transmitted 1n association with PUSCH. In such embodi-
ment, an aperiodic SRS transmission triggered by a base
station may allow for estimation of a channel state of uplink
associated with a transmission/reception points other than a
serving transmission/reception point. Accordingly, over-

coming a shortage of uplink coverage may be possible.

FIG. 36 illustrates user equipment in accordance with at
least one embodiment.

Referring to FIG. 36, user equipment 3600 may include
[receiving unit] receiver 3610, [control unit] controller
3620, and [transmitting unit] zransmitter 3630 in accordance
with [at least] one embodiment. [Receiving unit] Receiver
3610 may receive UE-specific configuration information
indicating an SRS 1dentity from one transmission/reception
pomnt of a plurality of different transmission/reception
points. Herein, the SRS identity may be [independently] ar
independent identify distinguished from an uplink reference
signal identity for a physical uplink channel. [Control unit]
Controller 3620 may generate an SRS using the uplink
reference signal identity. [Transmitting] 7ramsmitter unit
3630 may transmit the generated SRS to a transmission/
reception point indicated by the SRS identity.

As shown 1n FIG. 36, user equipment 3600 1n accordance
with at least one embodiment may transmit an SRS inde-
pendently from the physical uplink channel according to an
SRS transmission method described 1n FIG. 4.
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FIG. 37 illustrates user equipment in accordance with
[other embodiments of the present invention] anrother
embodiment.

Referring to FIG. 37, user equipment 3700 may include
[receiving unit] receiver 3710[,] and transmitter 3715 in
accovdance with another embodiment. Transmitter 3715
may further include uplink channel transmission unit 3720,
SRS generating unit 3730, and transmitting unit 3740 1n
accordance with [at least one] arother embodiment.
[Receiving unit] Receiver 3710 may receive UE-specific
configuration information indicating an uplink reference
signal i1dentity from one transmission/reception point of a
plurality of different transmission/reception points. Herein,
the uplink reference signal identity is an independent [of]
identify distinguished from a physical cell identity of the one
transmission/reception point and 1s associated with an uplink
channel. Uplink channel transmission unit 3720 may trans-
mit an uplink channel to a transmission/reception point
indicated by the uplink reference signal identity, using the
uplink reference signal identity. SRS generating unit 3730
may generate an SRS using a physical cell identity of the one
transmission/reception point. SRS transmitting unit 3740
may transmit the generated SRS to the one transmission/
reception point.

Herein, uplink channel transmission unit 3720 and trans-
mitting unmit 3740 may be implemented with the same
hardware resource or different hardware resources.

Referring to FIG. 37, user equipment 1n accordance with
at least one embodiment may transmit an SRS separately or
independently from a physical uplink channel, to a serving
transmission/reception point, according to an SRS transmis-
sion method described in FIG. 11.

FIG. 38 illustrates a base station (BS) in accordance with
at least one embodiment.

Referring to FIG. 38, a base station (BS) 3800 may
control unit 3810, transmitting unit 3820, and recerving unit
3830 in accordance with at least one embodiment.

Control unit 3810 may control operations of base station
3800, according to a CoMP operation and an uplink refer-
ence signal transmission required for performing operations
described in the present [invention] disclosure.

Transmitting unit 3820 and receiving unit 3830 may
transmit or receive signals, messages, and/or data required
for performing operations described in the present [inven-
tion] disclosure, in connection with user equipment.

Although contents of technical standards referred to 1n the
above-described embodiments 1s omitted for briel descrip-
tions of the specification, the related contents of the tech-
nical standards may constitute a portion of the present
specification. Accordingly, adding a portion of the stan-
dards-related content 1n the specification and/or the claims
will be construed as being included in the scope of the
present [invention] disclosure.

More specifically, the attached documents below may
constitute a portion of the present specification as a portion
of published documents. Accordingly, adding a portion of
standards-related contents and/or standard documents in the
description and/or the claims will be construed as being
included in the scope of the present [invention] disclosure.

As described above, since the technical 1dea of the present
invention 1s described by exemplary embodiments, various
forms of substitutions, modifications and alterations may be
made by those skilled in the art from the above description
without departing from essential features of the present
[invention] disclosure. Therefore, the embodiments dis-
closed 1n the present invention are intended to illustrate the
technical 1dea of the present invention, and the scope of the
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present invention 1s not limited by the embodiment. The
scope of the present [invention] disclosure shall be con-
strued on the basis of the accompanying claims 1n such a
manner that all of the technical i1deas included within the
scope equivalent to the claims belong to the present [inven-
tion] disclosure.
What 1s claimed 1s:
1. A method of transmitting an uplink sounding reference
signal (SRS) 1 user equipment (UE) i a coordinated
multi-point transmission/reception system (CoMP system),
the method comprising:
recerving, by the user equipment, UE-specific configura-
tion information including an uplink reference signal
identity associated with an uplink channel, from a first
transmission/reception point of a plurality of difierent
transmission/reception points, wherein the uplink ref-
erence signal 1dentity 1s mndependent of a physical cell
identity of the first transmission/reception point and
indicates a second transmission/reception point as a
reception entity of the uplink channel; and

performing, by the user equipment, an independent trans-
mission of the uplink channel and an SRS to different
transmission/reception points, using the uplink refer-
ence signal identity or the physical cell identity accord-
ing to a type of an uplink transmission,

wherein when the type of the uplink transmission 1s an

uplink channel transmission,

the performing includes:

obtaining the uplink reference signal identity from the
received UE-specific configuration information;
determining the second transmission/reception point
indicated by the uplink reference signal identity, as
an uplink channel reception entity, wherein the sec-
ond transmission/reception point 1s diflerent from
the first transmission/reception point; and
transmitting, by the user equipment, the uplink channel
to the determined second transmission/reception
point, using the uplink reference signal 1dentity;
wherein when the type of the uplink transmission 1s an
SRS transmission,
the performing includes:
generating, by the user equipment, an SRS 1independent
of the uplink channel, using the physical cell identity
of the first transmission/reception point;
determining the {irst transmission/reception point
which has transmitted the UE-specific configuration
information to the user equipment, as an SRS recep-
tion entity; and
transmitting, by the user equipment, the generated SRS
to the determined first transmission/reception point;
wherein:

the SRS includes [at least one of] a periodic SRS and an

aperiodic SRS,
the generating an SRS includes generating both the peri-
odic SRS and the aperiodic SRS using the physical cell
identity of the first transmission/reception point, and

the transmitting the generated SRS includes transmitting
one of the periodic SRS and the aperiodic SRS to the
first transmission/reception point indicated by the
physical cell identity;

wherein the uplink channel 1s at least one of a physical

uplink shared channel and a physical uplink control
channel; and

wherein the receiving UE-specific configuration informa-

tion includes receiving, from the first transmission/
reception point, the UE-specific configuration informa-
tion including the uplink reference signal identity,
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either through a UE-specific parameter, or dynamically
through at least one of a physical downlink control
channel (PDCCH) and an enhanced physical downlink
control channel (EPDCCH).

42

wherein the uplink channel 1s at least one of a physical
uplink shared channel and a physical uplink control
channel; and

wherein the receiver 1s configured to receive, from the

[2. The melihod of Claim_la wherein: | > first transmission/reception point, the UE-specific con-
the generating an SRS includes generating one of the fisuration information including the uplink reference
periodic SRS and the aperiodic SRS using the physical signal identity, either through a UE-specific parameter,
cell identity of the first transmission/reception point, or dynamically through at least one of a physical
?(Illd ﬁ:e othgr SRS using the uplink reference signal 0 downlink control channel (PDCCH) and an enhanced
identity; an . .
the transmitting the generated SRS includes transmitting physical dowamk control c.hannel (EPDCCH)]
. L [4. The user equipment of claim 3, wherein:
one of the periodic SRS and the aperiodic SRS to the . -
L s . . the SRS generating unit 1s configured to generate one of
first transmission/reception point, and the other SRS to b - fie SRS and th o SRSy b
the second transmission/reception point indicated by the penodic: call the aperiodic SR UsIE t c
the uplink reference signal identity.] 5 physical cell identity of the first transmission/reception
[3. User equipment in a coordinated multi-point transmis- point, and to generate the other SRS using the uplink
sion/reception system (CoMP system), the user equipment reference signal 1dentity; and
comprising; the SRS transmitting unit 1s configured to transmit one of
a receiver configured to receive UE-specific configuration the periodic SRS and the aperiodic SRS to the first
information including an uplink reference signal iden- 20 transmission/reception point, and to transmit the other

tity associated with an uplink channel, from a first
transmission/reception point of a plurality of different
transmission/reception points, wherein the uplink ref-

SRS to the second transmission/reception point indi-

cated by the uplink reference signal identity.]
[5. A method of transmitting an uplink sounding reference

signal (SRS) 1 user equipment (UE) i a coordinated
multi-point transmission/reception system (CoMP system),
the method comprising:

erence signal 1dentity 1s independent of a physical cell
identity of the first transmission/reception point and 25
indicates a second transmission/reception point as a

reception entity of the uplink channel; and
a transmitter configured to perform an independent trans-
mission of the uplink channel and a sounding reference

receiving, by the user equipment, UE-specific configura-
tion information including a sounding reference signal
(SRS) 1dentity from a first transmission/reception point

signal (SRS) to different transmission/reception points, 30 of a plurality of different transmission/reception points,
using the uplink reference signal identity or the physi- wherein the SRS 1dentity 1s independently determined
cal cell identity according to whether a type of an to be distinguished from an uplink reference signal
uplink transmission 1s an uplink channel transmission identity for an uplink channel and indicates a second
or an SRS transmission, transmission/reception point as a reception entity of an
wherein the transmuitter includes: 35 SRS: and
an uplink channel transmission unit configured to performing, by the user equipment, an independent trans-
obtain the uplink reference signal identity from the mission of the uplink channel and the SRS to different
recetved UE-specific configuration information; to transmission/reception points, using the uplink refer-
determine the second transmission/reception point ence signal identity or the SRS 1dentity according to a
indicated by the uplink reference signal i1dentity, as 40 type of an uplink transmission,
an uplink channel reception entity; and to transmit wherein when the type of the uplink transmission 1s an
the uplink channel to the determined second trans- SRS transmission,
mission/reception point, using the uplink reference the performing includes:
signal 1dentity, wherein the second transmission/ obtaining, by the user equipment, the SRS identity from
reception point 1s different from the first transmis- 45 the received UE-specific configuration information;
s1on/reception point; generating, by the user equipment, an SRS using the
an SRS generating unit configured to generate an SRS SRS 1dentity;
being independent of the uplink channel, using the determining the second transmission/reception point
physical cell identity of the first transmission/recep- UE-specifically indicated by the SRS identity, as an
tion point; and 50 SRS reception entity, wherein the second transmis-
an SRS transmitting unit configured to determine the sion/reception point 1s different from the first trans-
first transmission/reception point which has trans- mission/reception point which has transmitted the
mitted the UE-specific configuration information to UE-specific configuration information to the user
the user equipment, as an SRS reception entity, and equipment; and
to transmit the generated SRS to the determined first 55 transmitting, by the user equipment, the generated SRS
transmission/reception point; to the determined second transmission/reception
wherein: point;
the SRS includes at least one of a periodic SRS and an wherein the SRS includes at least one of a periodic SRS
aperiodic SRS, and an aperiodic SRS;
the SRS generating unit 1s configured to generate both the 60 wherein the generating an SRS 1ncludes generating both
periodic SRS and the aperiodic SRS using the physical the periodic SRS and the aperiodic SRS using the SRS
cell identity of the first transmission/reception point, identity; and
and wherein the receiving UE-specific configuration informa-
the SRS transmitting unit 1s configured to transmit one of tion includes receiving, from the first transmission/
the periodic SRS and the aperiodic SRS to the first 65 reception point, the UE-specific configuration informa-

transmission/reception point indicated by the physical
cell identity;

tion including the SRS identity, either through a
UE-specific parameter, or dynamically through at least
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one of a physical downlink control channel (PDCCH)
and an enhanced physical downlink control channel
(EPDCCH).]
[6. The method of claim 5, wherein:
the UE-specific configuration information includes a 5
same reference signal identity for the periodic SRS and
the aperiodic SRS.]
[7. The method of claim 5, wherein:
the UE-specific configuration information includes a dif-
terent reference signal 1dentity for each of the periodic 10
SRS and the aperiodic SRS.]

[8. The method of claim 5, wherein:

the generating an SRS includes generating one of the
periodic SRS and the aperiodic SRS using the SRS
identity, and the other SRS using a physical cell identity 15
of the first transmission/reception point; and

the transmitting the generated SRS includes transmitting

one of the periodic SRS and the aperiodic SRS to the
second transmission/reception point indicated by the
SRS 1dentity, and the other SRS to the first transmis- 20
sion/reception point.]

9. A method of transmitting an uplink sounding rvefevence
signal (SRS) in user equipment (UL) in a coordinated
multi-point transmission/reception system (CoMP system)
including a fivst transmission/reception point and a second 25
transmission/veception point, the method comprising:

receiving, by the user equipment, UL'-specific configura-

tion information including an uplink reference signal
identity which is an independent identity distinguished
from a physical cell identity of the first transmission/ 30
reception point and indicates the second transmission/
reception point as a rveception entity of the uplink

channel from the first transmission/veception point
through either a UE-specific parameter or dynamically

through at least one of a physical downlink control

channel (PDCCH) and an enhanced physical downlink
control channel (EPDCCH); and

a transmitter configured to determine the second trans-
mission/veception point indicated by the uplink rvefer-
ence signal identity included in the received UL-spe-
cific configuration information as an uplink channel
reception entity and transmit the uplink channel to the
determined second transmission/reception point, using
the uplink vefevence signal identity, and generate both
a periodic SRS and an aperiodic SRS, using the physi-
cal cell identity of the first transmission/reception
point, determine the first transmission/veception point
as an SRS reception entity and transmit the generated
periodic SRS and aperiodic SRS to the determined first
transmission/reception point indicated by the physical
cell identity through the uplink channel.

13. The user equipment of claim 12, wherein the second
transmission/reception point is different from the first trans-
mission/veception point.

14. The user equipment of claim 13, wherein the uplink
channel includes a PUCCH and a PUSCH.

15. A method of transmitting an uplink sounding veference
signal (SRS) in user equipment (UE) in a coovrdinated
multi-point transmission/veception system (CoMP system),
the method comprising:

receiving, by the user equipment, UE-specific configura-
tion information including a sounding reference signal
(SRS) identity from a first transmission/reception point
among a plurality of differvent transmission/veception

channel from the first transmission/veception point
through either a UE-specific parameter or dynamically
through at least one of a physical downlink control

channel (PDCCH) and an enhanced physical downlink
control channel (EPDCCH);

determining, by the user equipment, the second transmis-
sion/veception point indicated by the uplink veference

35

points, wherein the SRS identity is independently deter-
mined to be distinguished from an uplink reference
signal identity for an uplink channel and indicates a
second transmission/reception point as a reception

entity of an SRS; and

performing, by the user equipment, an independent trans-

mission of the uplink channel and the SRS to diffevent

signal identity included in the received UE-specific 40 transmission/reception points, using the uplink refer-

configuration information as an uplink channel recep- ence signal identity or the SRS identity according to a

tion entity, and transmitting the uplink channel to the type of an uplink transmission,

determined second transmission/reception point, using wherein when the type of the uplink transmission is an

the uplink veference signal identity; and SRS transmission, the performing includes:
generating, by the user equipment, both a periodic SRS 45 generating, by the user equipment, an SRS using the

and an aperiodic SRS, using the physical cell identity
of the first transmission/reception point, determining
the first transmission/reception point as an SRS recep-
tion entity, and transmitting the generated peviodic SRS
and aperiodic SRS to the determined first transmission/
reception point indicated by the physical cell identity

50

SRS identity included in the received UE-specific

configuration information;

determining the second tramnsmission/reception point
UL'-specifically indicated by the SRS identity, as an
SRS reception entity, wherein the second transmis-
sion/veception point is diffevent from the first trans-

through the uplink channels.

10. The method of claim 9, wherein the second transmis-
sion/veception point is different from the first transmission/
reception point. 55

11. The method of the claim 9, wherein the uplink channel

mission/veception point which has transmitted the
UL'-specific configuration information to the user
equipment; and

transmitting, by the user equipment, the generated SRS
to the determined second transmission/veception

includes a PUCCH and a PUSCH. point;
12. User equipment in a coovdinated multi-point trans- wherein the SRS includes a periodic SRS and an aperiodic
mission/veception system (CoMP system) including a first SRS

transmission/reception point and a second transmission/ 60
reception point, the user equipment comprising.:

a receiver configured to receive UE-specific configuration
information including an uplink reference signal iden-
tity which is an independent identify distinguished from
of a physical cell identity of the first transmission/ 65
reception point and indicates the second transmission/
reception point as a rveception entity of the uplink

wherein the generating an SRS includes generating both

the periodic SRS and the aperiodic SRS using the SRS
identity; and

wherein the rveceiving UE-specific configuration informa-
tion includes rveceiving, from the first transmission/
reception point, the UE-specific configuration informa-
tion including the SRS identity, either through a
UL'-specific parvameter, or dynamically through at least
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one of a physical downlink control channel (PDCCH)

and an enhanced physical downlink control channel

(EPDCCH).

16. The method of claim 15, wherein:

the UE-specific configuration information includes the 5
sounding veference signal identity which is the same for

the periodic SRS and the aperiodic SRS.
17. The method of claim 15, wherein:
the UE-specific configuration information includes the

sounding vefervence signal identity which is diffevent for 10
the periodic SRS and the aperiodic SRS.
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