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DMRS PORT GROUPING METHOD AND
APPARATUS FOR USE IN WIRELESS
CELLULAR COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based on and claims priority
under 35 US.C. § 119(a) to Korean Patent Application
Serial No. 10-2017-0107485, which was filed on Aug. 24,
2017 in the Korean Intellectual Property Office, Korean
Patent Application Serial No. 10-2017-0111949, which was
filed on Sep. 1, 2017 in the Korean Intellectual Property
Office, Korean Patent Application Serial No. 10-2017-
0128078, which was filed on Sep. 29, 2017 in the Korean
Intellectual Property Office, and Korean Patent Application
Serial No. 10-2017-0149873, which was filed on Nov. 10,
2017 in the Korean Intellectual Property Office, the entire
disclosure of each of which is incorporated herein by
reference.

BACKGROUND

1. Field

[0002] The present disclosure relates, generally, to a wire-
less communication system, and more particularly, to a
method for a base station to group demodulation reference
signal (DMRS) ports and transmit DMRS port group infor-
mation to a terminal.

2. Description of the Related Art

[0003] To meet the demand for wireless data traffic having
increased since deployment of 4G communication systems,
efforts have been made to develop an improved 5G or
pre-5G communication system. Therefore, the 5G or pre-5G
communication system is also called a ‘Beyond 4G Net-
work” or a ‘Post LTE System’. The 5G communication
system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 60 GHz bands, so as to accomplish
higher data rates. To decrease propagation loss of the radio
waves and increase the transmission distance, the beam-
forming, massive multiple-input multiple-output (MIMO),
Full Dimensional MIMO (FD-MIMO), array antenna, an
analog beam forming, large scale antenna techniques are
discussed in 5G communication systems. In addition, in 5G
communication systems, development for system network
improvement is under way based on advanced small cells,
cloud Radio Access Networks (RANs), ultra-dense net-
works, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication,
Coordinated Multi-Points (CoMP), reception-end interfer-
ence cancellation and the like. In the 3G system, Hybrid
FSK and QAM Modulation (FQAM) and sliding window
superposition coding (SWSC) as an advanced coding modu-
lation (ACM), and filter bank multi carrier (FBMC), non-
orthogonal multiple access (NOMA), and sparse code mul-
tiple access (SCMA) as an advanced access technology have
been developed.

[0004] The Internet, which is a human centered connec-
tivity network where humans generate and consume infor-
mation, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and
process information without human intervention. The Inter-
net of Everything (IoE), which is a combination of the IoT

Feb. 28,2019

technology and the Big Data processing technology through
connection with a cloud server, has emerged. As technology
elements, such as “sensing technology”, “wired/wireless
communication and network infrastructure”, “service inter-
face technology”, and “Security technology” have been
demanded for IoT implementation, a sensor network, a
Machine-to-Machine (M2M) communication, Machine
Type Communication (MTC), and so forth have been
recently researched. Such an IoT environment may provide
intelligent Internet technology services that create a new
value to human life by collecting and analyzing data gen-
erated among connected things. IoT may be applied to a
variety of fields including smart home, smart building, smart
city, smart car or connected cars, smart grid, health care,
smart appliances and advanced medical services through
convergence and combination between existing Information
Technology (IT) and various industrial applications.
[0005] In line with this, various attempts have been made
to apply 5G communication systems to IoT networks. For
example, technologies such as a sensor network, Machine
Type Communication (MTC), and Machine-to-Machine
(M2M) communication may be implemented by beamform-
ing, MIMO, and array antennas. Application of a cloud
Radio Access Network (RAN) as the above-described Big
Data processing technology may also be considered to be as
an example of convergence between the 5G technology and
the IoT technology.

[0006] Ina wireless communication system, a base station
transmits a reference signal for use by a terminal in esti-
mating a channel. The terminal may perform channel esti-
mation based on the reference signal and demodulate
received signals with the channel estimation result. The
terminal may also estimate channel condition base on the
reference signal and report the estimated channel condition
to the base station. Unlike the legacy LTE systems, the 5%
generation (5G) wireless communication systems are
designed to support an increased number of orthogonal
DMRS antenna ports, an increased number of cell-IDs, an
increased channel bandwidth, various subcarrier spacings,
slot-based transmission and slot aggregation, DMRS bun-
dling in time domain, and a configurable DMRS structure. In
order to support such features, the base station has to
generate DMRS and transmit DMRS-related information to
a terminal in a method different from that currently being
used for the legacy LTE systems.

SUMMARY

[0007] The present disclosure has been made to address at
least the disadvantages described above and to provide at
least the advantages described below.

[0008] An aspect of the disclosure provides a DMRS port
grouping and signaling method in a 5G wireless communi-
cation system supporting non-coherent joint transmission
(NC-JT). An aspect of the disclosure provides a method for
generating additional DMRS and signaling additional
DMRS information in the 5G wireless communication sys-
tem.

[0009] In accordance with an aspect of the disclosure,
there is provided a method of a terminal in a wireless
communication system. The method includes identifying
demodulation reference signal (DMRS) type information
and DMRS symbol length information, identifying port
number information for receiving a DMRS and receiving the
DMRS based on the DMRS type information, the DMRS
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symbol length information and port number information,
wherein the port number information indicates a port num-
ber for the terminal in DMRS information including param-
eters for code division multiplexing (CDM) group informa-
tion, offset information, frequency-domain orthogonal cover
code (OCC) information, and time-domain OCC informa-
tion corresponding respectively to multiple port numbers,
and wherein the DMRS information is defined per DMRS
type.

[0010] In accordance with an aspect of the disclosure,
there is provided a terminal in a wireless communication
system. The terminal includes a transceiver and a controller
operably connected to the transceiver and configured to
identified demodulation reference signal (DMRS) type
information and DMRS symbol length information, identi-
fied port number information for receiving a DMRS, and
control the transceiver to receive the DMRS based on the
DMRS type information, the DMRS symbol length infor-
mation and port number information, wherein the port
number information indicates a port number for the terminal
in DMRS information including parameters for code divi-
sion multiplexing (CDM) group information, offset infor-
mation, frequency-domain orthogonal cover code (OCC)
information, and time-domain OCC information corre-
sponding respectively to multiple port numbers, and wherein
the DMRS information is defined per DMRS type.

[0011] In accordance with an aspect of the disclosure,
there is provided a method of a base station in a wireless
communication system. The method includes transmitting a
first message associated with demodulation reference signal
(DMRS) type information and DMRS symbol length infor-
mation, transmitting a second message including port num-
ber information for receiving a DMRS by a terminal and
transmitting the DMRS to the terminal based on the infor-
mation included in the first and second messages, wherein
the port number information indicates a port number for the
terminal in DMRS information including parameters for
code division multiplexing (CDM) group information, offset
information, frequency-domain orthogonal cover code
(OCC) information, and time-domain OCC information
corresponding respectively to multiple port numbers, and
wherein the DMRS information is defined per DMRS type.
[0012] In accordance with an aspect of the disclosure,
there is provided a base station in a wireless communication
system. The base station includes a transceiver and a con-
troller operably connected to the transceiver and configured
to control the transceiver to transmit a first message asso-
ciated with demodulation reference signal (DMRS) type
information and DMRS symbol length information, transmit
a second message including port number information for
receiving a DMRS by a terminal, and transmit the DMRS to
the terminal based on the information included in the first
and second messages, wherein the port number information
indicates a port number for the terminal in DMRS informa-
tion including parameters for code division multiplexing
(CDM) group information, offset information, frequency-
domain orthogonal cover code (OCC) information, and
time-domain OCC information corresponding respectively
to multiple port numbers, and wherein the DMRS informa-
tion is defined per DMRS type.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other aspects, features and advan-
tages of certain embodiments of the disclosure will be more
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apparent from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0014] FIG. 1 is a diagram of a basic time-frequency
resource structure for transmitting downlink data or control
channels in the legacy LTE/LTE-advanced (LTE-A) system;
[0015] FIG. 2 is a diagram of a basic time-frequency
resource structure of the radio resource for data and/or
control information in uplink of LTE and LTE-A systems;
[0016] FIG. 3 is a diagram of radio resources correspond-
ing to one resource block (RB) as a smallest downlink
scheduling unit in the LTE/LTE-A system;

[0017] FIG. 4 is a diagram of patterns available for Typel,
in an antenna port mapping method, according to an embodi-
ment;

[0018] FIG. 5 is a diagram of patterns available for Type2,
in an antenna port mapping method, according to an embodi-
ment;

[0019] FIG. 6A is a flowchart of a method of a gateway
node B (gNB) and a user equipment (UE), according to an
embodiment;

[0020] FIG. 6B is a diagram of CDM with OCC of length
4, according to an embodiment;

[0021] FIGS. 7Ato 7C are diagrams of a power imbalance
problem;
[0022] FIG. 8 is a flowchart of a method of a UE operation

for DMRS port grouping, according to an embodiment;
[0023] FIGS. 9Ato 9B are flowcharts of a method for a UE
to receive information on a number of CDM groups and
operate based on the received information, according to an
embodiment;

[0024] FIGS. 10A to 10C are diagrams of a signaling
overhead reduction method, according to the embodiment;
[0025] FIG. 11 is a diagram of a multi-user MIMO (MU-
MIMO) transmission with multiple transmission points
(TPs), according to an embodiment;

[0026] FIG. 12 is a flowchart of a DMRS table interpre-
tation method of a UE, according to an embodiment;
[0027] FIG. 13 is a flowchart of a method for selecting a
DMRS table determination method, according to an embodi-
ment;

[0028] FIG. 14 is a diagram of a UE, according to an
embodiment; and

[0029] FIG. 15 is a diagram of a gNB, according to an
embodiment.

DETAILED DESCRIPTION
[0030] Embodiments of the disclosure will be described

herein below with reference to the accompanying drawings.
However, the embodiments of the disclosure are not limited
to the specific embodiments and should be construed as
including all modifications, changes, equivalent devices and
methods, and/or alternative embodiments of the present
disclosure. In the description of the drawings, similar ref-
erence numerals are used for similar elements.

[0031] The terms “have,” “may have,” “include,” and
“may include” as used herein indicate the presence of
corresponding features (for example, elements such as
numerical values, functions, operations, or parts), and do not
preclude the presence of additional features.

[0032] The terms “A or B,” “at least one of A or/and B,”
or “one or more of A or/and B” as used herein include all
possible combinations of items enumerated with them. For
example, “A or B,” “at least one of A and B,” or “at least one
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of A or B” means (1) including at least one A, (2) including
at least one B, or (3) including both at least one A and at least
one B.

[0033] The terms such as “first” and “second” as used
herein may use corresponding components regardless of
importance or an order and are used to distinguish a com-
ponent from another without limiting the components. These
terms may be used for the purpose of distinguishing one
element from another element. For example, a first user
device and a second user device may indicate different user
devices regardless of the order or importance. For example,
a first element may be referred to as a second element
without departing from the scope the disclosure, and simi-
larly, a second element may be referred to as a first element.
[0034] It will be understood that, when an element (for
example, a first element) is “(operatively or communica-
tively) coupled with/to” or “connected to” another element
(for example, a second element), the element may be
directly coupled with/to another element, and there may be
an intervening element (for example, a third element)
between the element and another element. To the contrary, it
will be understood that, when an element (for example, a
first element) is “directly coupled with/to” or “directly
connected to” another element (for example, a second ele-
ment), there is no intervening element (for example, a third
element) between the element and another element.

[0035] The expression “configured to (or set to)” as used
herein may be used interchangeably with “suitable for,”
“having the capacity to,” “designed to,” “adapted to,” “made
t0,” or “capable of” according to a context. The term
“configured to (set to)” does not necessarily mean “specifi-
cally designed to” in a hardware level. Instead, the expres-
sion “apparatus configured to . . . ” may mean that the
apparatus is “capable of . . . ” along with other devices or
parts in a certain context. For example, “a processor con-
figured to (set to) perform A, B, and C” may mean a
dedicated processor (e.g., an embedded processor) for per-
forming a corresponding operation, or a generic-purpose
processor (e.g., a central processing unit (CPU) or an
application processor (AP)) capable of performing a corre-
sponding operation by executing one or more software
programs stored in a memory device.

[0036] The terms used in describing the various embodi-
ments of the disclosure are for the purpose of describing
particular embodiments and are not intended to limit the
disclosure. As used herein, the singular forms are intended
to include the plural forms as well, unless the context clearly
indicates otherwise. All of the terms used herein including
technical or scientific terms have the same meanings as
those generally understood by an ordinary skilled person in
the related art unless they are defined otherwise. The terms
defined in a generally used dictionary should be interpreted
as having the same or similar meanings as the contextual
meanings of the relevant technology and should not be
interpreted as having ideal or exaggerated meanings unless
they are clearly defined herein. According to circumstances,
even the terms defined in this disclosure should not be
interpreted as excluding the embodiments of the disclosure.
[0037] The term “module” as used herein may, for
example, mean a unit including one of hardware, software,
and firmware or a combination of two or more of them. The
“module” may be interchangeably used with, for example,
the term “unit”, “logic”, “logical block”, “component”, or
“circuit”. The “module” may be a minimum unit of an
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integrated component element or a part thereof. The “mod-
ule” may be a minimum unit for performing one or more
functions or a part thereof. The “module” may be mechani-
cally or electronically implemented. For example, the “mod-
ule” according to the disclosure may include at least one of
an application-specific integrated circuit (ASIC) chip, a
field-programmable gate array (FPGA), and a program-
mable-logic device for performing operations which has
been known or are to be developed hereinafter.

[0038] An electronic device according to the disclosure
may include at least one of, for example, a smart phone, a
tablet personal computer (PC), a mobile phone, a video
phone, an electronic book reader (e-book reader), a desktop
PC, a laptop PC, a netbook computer, a workstation, a
server, a personal digital assistant (PDA), a portable multi-
media player (PMP), a MPEG-1 audio layer-3 (MP3) player,
a mobile medical device, a camera, and a wearable device.
The wearable device may include at least one of an acces-
sory type (e.g., a watch, a ring, a bracelet, an anklet, a
necklace, a glasses, a contact lens, or a head-mounted device
(HMD)), a fabric or clothing integrated type (e.g., an elec-
tronic clothing), a body-mounted type (e.g., a skin pad, or
tattoo), and a bio-implantable type (e.g., an implantable
circuit).

[0039] The electronic device may be a home appliance.
The home appliance may include at least one of, for
example, a television, a digital video disk (DVD) player, an
audio, a refrigerator, an air conditioner, a vacuum cleaner, an
oven, a microwave oven, a washing machine, an air cleaner,
a set-top box, a home automation control panel, a security
control panel, a TV box (e.g., Samsung HomeSync™, Apple
TV™, or Google TV™), a game console (e.g., Xbox™ and
PlayStation™), an electronic dictionary, an electronic key, a
camcorder, and an electronic photo frame.

[0040] The electronic device may include at least one of
various medical devices (e.g., various portable medical
measuring devices (a blood glucose monitoring device, a
heart rate monitoring device, a blood pressure measuring
device, a body temperature measuring device, etc.), a mag-
netic resonance angiography (MRA), a magnetic resonance
imaging (MRI), a computed tomography (CT) machine, and
an ultrasonic machine), a navigation device, a global posi-
tioning system (GPS) receiver, an event data recorder
(EDR), a flight data recorder (FDR), a vehicle infotainment
device, an electronic device for a ship (e.g., a navigation
device for a ship, and a gyro-compass), avionics, security
devices, an automotive head unit, a robot for home or
industry, an automatic teller machine (ATM) in banks, point
of sales (POS) devices in a shop, or an IoT device (e.g., a
light bulb, various sensors, electric or gas meter, a sprinkler
device, a fire alarm, a thermostat, a streetlamp, a toaster, a
sporting goods, a hot water tank, a heater, a boiler, etc.).

[0041] The electronic device may include at least one of a
part of furniture or a building/structure, an electronic board,
an electronic signature receiving device, a projector, and
various kinds of measuring instruments (e.g., a water meter,
an electric meter, a gas meter, and a radio wave meter). The
electronic device may be a combination of one or more of
the aforementioned various devices. The electronic device
may also be a flexible device. Further, the electronic device
is not limited to the aforementioned devices, and may
include an electronic device according to the development of
new technology.
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[0042] Mobile communication systems have evolved to a
high-speed, high-quality packet data communication sys-
tems (such as high speed packet access (HSPA), LTE (or
evolved universal terrestrial radio access (E-UTRA)), and
LTE-A defined in 3"/ generation partnership project (3GPP),
high rate packet data (HRPD) defined in 3"¢ GPP-2 (3GPP2),
and 802.16e defined in IEEE) that are capable of providing
data and multimedia services beyond the early voice-ori-
ented services. SG wireless communications are being stan-
dardized under the title of 5G or new radio (NR).

[0043] The LTE system, as one of the representative
broadband wireless communication systems, uses orthogo-
nal frequency division multiplexing (OFDM) in the down-
link and single carrier frequency division multiple access
(SC-FDMA) in the uplink. The term uplink denotes a radio
transmission path from a terminal which is interchangeably
referred to as a UE) and a mobile station (MS) to a base
station (BS) which is interchangeably referred to as an
evolved node B (eNB), and the term downlink denotes a
radio transmission path from a base station to a terminal.
Such multiple access schemes allocate time-frequency
resources for transmitting user-specific data and control
information without overlapping each other, i.e. maintaining
orthogonality, so as to distinguish among user-specific data
and control information.

[0044] Hereinafter, an electronic device will be described
with reference to the accompanying drawings. In the dis-
closure, the term “user” may indicate a person using an
electronic device or a device (e.g., an artificial intelligence
electronic device) using an electronic device.

[0045] FIG. 1 is a diagram of a basic time-frequency
resource structure for transmitting downlink data or control
channels in the legacy LTE/LTE-A system.

[0046] In FIG. 1, the horizontal axis denotes the time, and
the vertical axis denotes the frequency. The smallest trans-
mission unit in the time domain is an OFDM symbol, and
Ng,ms OFDM symbols 102 forms a slot 106, and 2 slots
forms a subframe 105. Each slot spans 0.5 ms, and each
subframe spans 1.0 ms. A radio frame 114 is a time unit
consisted of 10 subframes. In the frequency domain, the
smallest transmission unit is a subcarrier, and the total
system transmission bandwidth consists of N, subcarriers
104.

[0047] In the time-frequency resource structure, the basic
resource unit is a resource element (RE) indicated by an
OFDM symbol index and a subcarrier index. An RB (or
physical resource block (PRB) 108 is defined by N,
consecutive OFDM symbols 102 in the time domain and
N5 consecutive subcarriers 110 in the frequency domain.
One RB 108 consists of N, ,,,,xNzz REs 112. Typically, the
RB is the smallest data transmission unit. In the LTE system,
Nyms=7, Nggs=12, and N,.;~F is proportional to the system
transmission bandwidth. The data rate increased in propor-
tion to the number of RBs scheduled to the terminal. For the
LTE system, 6 transmission bandwidths are defined. When
a frequency division duplex (FDD) system in which down-
link and uplink are separated in frequency, the downlink
transmission bandwidth and uplink transmission bandwidth
may differ from each other. The channel bandwidth denotes
an RF bandwidth in comparison with the system transmis-
sion bandwidth. Table 1 shows the relationship between the

system transmission bandwidth and channel bandwidth
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defined in the LTE standard. An LTE system having 10 MHz
channel bandwidth uses the transmission bandwidth of 50
RBs.

TABLE 1

Channel bandwidth
BW [MHz]

14 3 5 10 15 20

Transmission bandwidth 6 15 25 50 75 100
configuration Nzp

[0048] FIG. 2 is a diagram of a basic time-frequency
resource structure of the radio resource for data and/or
control information in the uplink of the legacy LTE/LTE-A
system.

[0049] In FIG. 2, the horizontal axis denotes the time, and
the vertical axis denotes the frequency. The smallest trans-
mission unit in the time domain is SC-FDMA symbol, and
Ngmp SC-FDMA symbols 202 form a slot 206. Two slots
form a subframe 205. The smallest transmission unit in the
frequency domain is subcarrier, and the total system trans-
mission bandwidth consists of N,;“" subcarriers 204.
N,z is proportional with the system transmission band-
width.

[0050] In the time-frequency domain, the basic resource
unit is RE 212, and each RE is defined by one SC-FDMA
symbol index and one subcarrier index. An RB or PRB 208
is defined by N, consecutive SC-FDMA symbols in the
time domain and N5 consecutive subcarriers in the fre-
quency domains. Accordingly, one RB consists of N, x
Njzs REs. Typically, the smallest data or control information
transmission unit is RB. A physical uplink control channel
(PUCCH) is mapped to a frequency region corresponding to
one RB and transmitted during a time period of one sub-
frame. FIG. 3 is a diagram of radio resources corresponding
to one RB as a smallest downlink scheduling unit in LTE/
LTE-A. As shown in FIG. 3, the radio resources are allocated
for transmitting different signals as follows:

[0051] 1. Cell-specific Reference Signal (CRS): This is a
reference signal broadcast periodically for use commonly by
all UEs within one cell;

[0052] 2. DMRS: This is a reference signal transmitted for
specific UE and used only for transmitting data to corre-
sponding UE. It may be possible to support up to 8 DMRS
ports. In LTE/LTE-A, antenna ports 7 to 14 are assigned for
DMRS and these ports maintain orthogonality with CDM or
FDM to avoid interference to each other;

[0053] 3. Physical downlink shared channel (PDSCH):
This is a downlink channel for traffic from an eNB to a UE.
The eNB may transmit data using REs to which no reference
signal is mapped in the data region in FIG. 3;

[0054] 4. Channel status information reference signal
(CSI-RS): This is a reference signal transmitted for use by
UESs within a cell in channel status measurement. There may
be multiple CSI-RSs transmitted within a cell; and

[0055] 5. Other control channels (physical hybrid-ARQ
indicator channel (PHICH), physical control format indica-
tor channel (PCFICH), and physical downlink control chan-
nel (PDCCH)): An eNB may provide a UE with control
information for use in receiving data on PDSCH or transmit
HARQ ACK/NACK corresponding to uplink data transmis-
sion.
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[0056] For DMRS, Tables 2-1 and 2-2 contain information

as follows that is transmitted via downlink control informa-

tion (DCI):
[0057]
[0058]

Antenna port(s);
Scrambling identity (ng.;5); and
[0059] Number of layers (rank).

[0060] Signaling the DMRS information from an eNB to
a UE makes it possible to facilitate dynamic rank adaptation
in a single user MIMO (SU-MIMO) mode and support
dynamic switching between SU-MIMO and MU-MIMO. It
may also be possible to make a distinction between DMRSs
from neighboring cells with ng.;, in a coordinated multi-
point transmission/reception (CoMP) mode.

TABLE 2-1

One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

Value Message Value Message

0 1 layer, port 7, ngep =0 0 2 layers, ports 7-8, ngeyp =0
1 1 layer, port 7, ngeyp = 1 1 2 layers, ports 7-8, ngeyp =1
2 1 layer, port 8, ngezp =0 2 3 layers, ports 7-9

3 1 layer, port 8, ngeyp =1 3 4 layers, ports 7-10

4 2 layers, ports 7-8 4 5 layers, ports 7-11

5 3 layers, ports 7-9 5 6 layers, ports 7-12

6 4 layers, ports 7-10 6 7 layers, ports 7-13

7 Reserved 7 8 layers, ports 7-14

TABLE 2-2
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[0063] DMRS type;
[0064] Number of layers & port number,
[0065] SCID (Scrambling ID);
[0066] One symbol and two symbol indicators;
[0067] Additional DMRS configuration;
[0068] DMRS port grouping information; and
[0069] MU-pairing information.
[0070] The DMRS type is transmitted via higher layer

signaling, which is described in detail below with respect to
a first embodiment of the disclosure. A second embodiment
of the disclosure is directed to a method for solving a power
imbalance problem. The number of layer & port number is
the information necessary for SU/MU dynamic switching
and MU operations. A third embodiment of the disclosure is
directed to a method for SU/MU dynamic switching and MU
operations. The SCID is a parameter for use in a CoMP
operation as a virtual cell ID for making a distinction
between DMRSs from different cells. The SCID may also be
used for making a distinction among multiple users within a
cell. Although 1-bit SCID is used in the LTE system, the
bitwidth of the SCID may be increased for use in the NR
system. The number of layer & port number and SCID
should be signaled dynamically via DCI because they are
information necessary for dynamic switching. The one sym-
bol/two symbol indicator is 1-bit information transmitted by
the eNB for indicating whether a DMRS pattern is config-

One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

Value Message Value Message

1 layer, port 7, ngezp = 0 (OCC = 2)
1 layer, port 7, ngeyp = 1 (OCC = 2)
1 layer, port 8, ngep = 0 (OCC = 2)
1 layer, port 8, ngep = 1 (OCC = 2)
1 layer, port 7, ngeyp = 0 (OCC = 4)
1 layer, port 7, ngeyp = 1 (OCC = 4)

2 layer, port 7-8, ngeyp = 0 (OCC = 2)
2 layer, port 7-8, ngeyp = 1 (OCC = 2)
2 layer, port 7-8, gy = 0 (OCC = 4)
2 layer, port 7-8, ngeyp = 1 (OCC = 4)
2 layer, port 11, 13, ngeyp = 0 (OCC = 4)
2 layer, port 11, 13, ngeyp = 1 (OCC = 4)

1 layer, port 8, ngep = 0 (OCC = 4)
1 layer, port 8, ngeyp = 1 (OCC = 4)
1 layer, port 11, ngep = 0 (OCC = 4) 5 layer, port 7-11
1 layer, port 11, ngeyp = 1 (OCC = 4) 6 layer, port 7-12
10 1 layer, port 13, ngeyp = 0 (OCC =4) 10 7 layers, ports 7-13
11 1 layer, port 13, ngeyp =1 (OCC =4) 11 8 layers, ports 7-14

3 layer, port 7-9
4 layer, port 7-10

O X~ W= O
O X~ W= O

12 2 layers, ports 7-8 12 Reserved
13 3 layers, ports 7-9 13 Reserved
14 4 layers, ports 7-10 14 Reserved
15 Reserved 15 Reserved
[0061] Table 2-1 is a signaling table for supporting up to

2 orthogonal DMRS ports for MU-MIMO, Table 2-2 is a
signaling table for supporting up to 4 orthogonal DMRS
ports for MU-MIMO, and the tables may be configured via
radio resource control (RRC) signaling.

[0062] Unlike LTE, the 5G wireless communication sup-
ports downlink/uplink common DMRS structure at least for
cyclic prefix (CP)-OFDM waveform as well as 12 orthogo-
nal DMRS ports for MU-MIMO. When supporting 12
orthogonal DMRS ports for MU-MIMO, a signaling over-
head problem arises. When supporting the downlink/uplink
common DMRS structure, it is important to consider DMRS
information signaling efficiency. In the NR system, the
DMRS information may include information as follows:

ured with one symbol or two symbols because it may be
configured with two symbols even in a low layer transmis-
sion.

[0071] The one symbol/two symbol indicator may be
configured by higher layers or dynamically signaled via
DCI. If the one symbol/two symbol indicator is configured
by higher layers, the DMRS may be restricted to occupy one
symbol or two symbols. The additional DMRS configuration
may be configured in addition to front-loaded DMRS to
support a high mobility. Since the UE mobility does not
change frequently, this information may be configured by
high layers. The DMRS port grouping information is used
for the NC-JT or phase tracking reference signal (PTRS)
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transmission, and the signaling method thereof is described
with respect to a fourth embodiment of the disclosure.
Finally, the MU-pairing information is necessary for sup-
porting MU-MIMO non-transparently, and the signaling
method is described with respect to a fifth embodiment of
the disclosure. In summary, the disclosure provides a
method for configuring DMRS with various DMRS infor-
mation and signaling DMRS information efficiently.

First Embodiment

[0072] The first embodiment is directed to a front-loaded
DMRS pattern-based antenna port mapping method. The
front-loaded DMRS pattern may be categorized into two
types (Typel and Type2) and configured via higher layer
signaling. The DMRS density is determined differently
according to the antenna port mapping scheme and, as a
consequence, it is associated with channel estimation per-
formance. Accordingly, it is important to optimize the
antenna port mapping per type in DMRS design. When an
additional DMRS is transmitted in a transmission slot, a
DMRS pattern characterized as follows is repeated after the
front-loaded DMRS.

[0073] Configuration typel:
[0074] One symbol: Comb 2+2 CS, up to 4 ports; and
[0075] Two symbols: Comb 2+2 CS+TD-OCC ({1

1} and {1 -1}), up to 8 ports.
[0076] Note: It should be possible to schedule up
to 4 ports without using both {1,1} and {1,-1}.
[0077] Configuration type2:
[0078] One symbol: 2-FD-OCC across adjacent REs
in the frequency domain, up to 6 ports; and
[0079] Two symbols: 2-FD-OCC across adjacent

REs in the frequency domain+TD-OCC (both {1,1}

and {1,-1}) up to 12 ports.

[0080] Note: It should be possible to schedule up

to 6 ports without using both {1,1} and {1,-1}.

[0081] In view of the foregoing, a description is made of
the change of the pattern according to the antenna port
mapping pattern with reference to FIGS. 4 and 5. In the
following description, the antenna port p is expressed as
p=P1~P8 for Typel and p=P1~P12 for Type2. However, it
should be noted that the port numbers may be expressed
differently. For example, the antenna port p may be
expressed as p=1000~1007 for Typel and p=1000~1011 for
Type2; the antenna ports p may also be expressed using
other nomenclature.
[0082] By applying a method for supporting multiple
antenna ports, the DMRS can be mapped to the 1 OFDM
symbol in the time domain and the k? subcarrier as shown
in Equation (1).

a,(fl'”) =wrk")-wi(l')-rCm + k' +mg) M

ko +4m + 2k’ + A Configuration type 1
ko +6m+k" +A  Configurationtype 2
K =0,1

I=lh+!

[0083] In Equation (1), r(m) denotes a DMRS sequence in
the second embodiment, which is defined by Equation (2a)
as follows:
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1) = —=(1=2-cm) + j—=(1 = 2-cm + 1) o
rm)= —(1-2-c2m —(1-2-c(2m

V2 2

[0084] where c(i) denotes a pseudo-random (PN)

sequence. In Equation (1), p denotes an index indicating a
numerology, which is given using the values shown in Table
3.

TABLE 3

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

0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal

5 480 Normal

[0085] In Equation (1), p denotes a DMRS port index,
w(I') denotes application of time domain orthogonal cover
codes (TD-OCC) in use for a two-symbol pattern, and w (k')
denotes application of 2CS or 2-FD-OCC in the frequency
domain. The variable values according to the antenna port
mapping method are described in the Tables below.

[0086] FIG. 4 is a diagram of patterns available for Typel
in an antenna port mapping method, according to an embodi-
ment.

[0087] FIG. 4 illustrates the patterns available for Typel in
the disclosed antenna port mapping method. With respect to
the pattern of Typel, with the basic structure of Comb2 and
2 cyclic shift (2CS), up to 8 orthogonal DMRS ports are
supported by applying TD-OCC ({1 1} and {1 -1}) for the
two-symbol pattern. Parts d10 and d20 of FIG. 4 are
examples of when Typel is mapped to one symbol. Part d10
of FIG. 4 is a mapping scheme in which DMRS ports P1/P3
and P2/P4 are multiplexed with Comb 2, part d20 of FIG. 4
is a mapping scheme in which DMRS ports P1/P2 and P3/P4
are multiplexed with Comb 2. In the mapping schemes of
parts d10 and d20 of FIG. 4, it is possible to distinguish
between the two ports in the same Comb with 2 CS. The
mapping scheme of part d10 of FIG. 4 has a DMRS density
as follows;

[0088] 6 REs are used<=l1 layer transmission; and
[0089] 12 REs are used>1 layer transmission.
[0090] The mapping scheme of part d20 of FIG. 4 has a

DMRS density as follows;

[0091] 6 REs are used<=2 layer transmission; and
[0092] 12 REs are used>2 layer transmission.
[0093] Accordingly, the mapping schemes of parts d10

and d20 of FIG. 4 may have different DMRS densities
depending on the number of DMRS ports. Parts d30 to d70
of FIG. 4 are examples of when Typel is mapped to two
symbols. Part d30 of FIG. 4 is a mapping scheme in which
DMRS ports P1/P3/P5/P7 and P2/P4/P6/P8 are multiplexed
with Comb 2, and part d40 of FIG. 4 is a mapping scheme
in which DMRS ports P1/P3/P5/P6 and P2/P4/P7/P8 are
multiplexed with Comb 2. Part d50 of FIG. 4 is a mapping
scheme in which DMRS ports P1/P2/P5/P7 and P3/P4/P6/
P8 are multiplexed with Comb 2, and part d60 of FIG. 4 is
a mapping scheme in which DMRS ports P1/P2/P5/P6 and
P3/P4/P7/P8 are multiplexed with Comb 2. Part d70 of FIG.
4 is a mapping scheme in which DMRS ports P1/P2/P3/P4
and P5/P6/P7/P8 are multiplexed with Comb 2. In the
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mapping schemes of parts d30 to d70, it is possible to
distinguish among up to 4 ports with 2 CS in the same comb
and TD-OCC. The mapping schemes of parts d30 and d40
of FIG. 4 have a DMRS density as follows:
[0094] 12 REs are used<=1 layer transmission; and
[0095] 24 REs are used>1 layer transmission.
[0096] The mapping schemes of parts d50 and d60 of FIG.
4 has a DMRS density as follows:
[0097] 12 REs are used<=2 layer transmission; and
[0098] 24 REs are used>2 layer transmission.
[0099] The mapping scheme of part d70 of FIG. 4 has a
DMRS density as follows:
[0100] 12 REs are used<=4 layer transmission; and
[0101] 24 REs are used>4 layer transmission.
[0102] The DMRS density varies according to the antenna
port mapping scheme for Typel, which means that the
one-symbol pattern and two-symbol pattern for DMRS may
use different mapping patterns according to the optimized
mapping scheme.
[0103] The parameters of Equation (1) may be set to
different values depending on the antenna port mapping
scheme for the one-symbol pattern and two-symbol pattern
for DMRS Typel. The one-symbol pattern and two-symbol
pattern configurations for DMRS according to the antenna
port mapping schemes of FIG. 4 may be categorized into 10
categories as follows:
[0104] Casel: One symbol part d10 and Two symbol
part d30;
[0105] Case2: One symbol part d10 and Two symbol
part d40;
[0106] Case3: One symbol part d10 and Two symbol
part d50;
[0107] Case4: One symbol part d10 and Two symbol
part d60;
[0108] CaseS: One symbol part d10 and Two symbol
part d70;
[0109] Case6: One symbol part d20 and Two symbol
part d30;
[0110] Case7: One symbol part d20 and Two symbol
part d40;
[0111] Case8: One symbol part d20 and Two symbol
part d50;
[0112] Case9: One symbol part d20 and Two symbol
part d60; and
[0113] Casel0: One symbol part d20 and Two symbol
part d70.
[0114] For the two-symbol patterns, it may be possible to
consider additional cases according to the order of the
application of the 2 CS and TD-OCC to the antenna ports in
the Comb as follows. Here, 20 total available mapping
schemes can be considered.
[0115] Alt-1: to apply 2 CS first and then TD-OCC in
two symbol patterns; and
[0116] Alt-2: to apply TD-OCC first and then 2 CS in
two symbol patterns.
[0117] FIG. 5 is a diagram of patterns available for Type2
when using an antenna port mapping method, according to
an embodiment.
[0118] FIG. 5 illustrates the patterns available for Type2 in
the disclosed antenna port mapping method. With respect to
the pattern of Type2, with the basic structure of FD-OCC at
two adjacent REs, up to 12 orthogonal DMRS ports are
supported by applying TD-OCC ({1 1} and {1 -1}) to the
two symbol patterns. Parts el0 and €20 of FIG. 5 are
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examples of when Type2 is mapped to one symbol. Part e10
of FIG. 5 is a mapping scheme in which DMRS ports P1/P2,
P3/P4, and P5/P6 are multiplexed with frequency division
multiplexing (FDM), part €20 of FIG. 5 is a mapping scheme
in which P1/P4, P2/P5, and P3/P6 are multiplexed in FDM.
In parts €10 and €20 of FIG. 5, the two ports mapped to two
adjacent REs may be distinguished using FD-OCC. The
mapping scheme of part e10 of FIG. 5 has a DMRS density
as follows:
[0119]
[0120]
and
[0121] 12 REs are used>4 layer transmission.
[0122] The mapping scheme of part e20 has a DMRS
density as follows:
[0123] 4 REs are used 1 layer transmission;
[0124] 8 REs are used 2 layer transmission; and
[0125] 12 REs are used>2 layer transmission.
[0126] Accordingly, the mapping schemes of parts el0
and €20 of FIG. 5 may have different DMRS densities
depending on the number of DMRS ports. Parts €30 to €70
of FIG. 5 are examples of when the Type2 is mapped to two
symbols. Part €30 is a mapping scheme in which DMRS
ports P1/P2/P7/P8 and P3/P4/P9/PO are multiplexed in
FDM, and part e40 of FIG. 5 is a mapping scheme in which
DMRS ports P1/P2/P7/P10, P3/P4/P8/P11, and P5/P6/P9/
P12 are multiplexed in FDM. Part 50 is a mapping scheme
in which DMRS ports P1/P4/P7/P10, P2/P5/P8/P1, and
P3/P6/P9/P12 are multiplexed in FDM, and part 60 of FIG.
5 is a mapping scheme in which DMRS ports P1/P4/P7/P8,
P2/P5/P9/P10, and P3/P6/P11/P12 are multiplexed in FDM.
Part ¢70 is a mapping scheme in which DMRS ports
P1/P2/P3/P4, P5/P6/P7/P8, and P9/P10/P11/P12 are multi-
plexed in FDM. In the mapping schemes of parts €30 to 70
of FIG. 5, it is possible to distinguish between up to 4 ports
mapped to the two adjacent REs in the frequency domain
with the FD-OCC and TD-OCC. The mapping schemes of
parts €30 and e40 of FIG. 5 have a DMRS density as
follows:
[0127]
[0128]
and
[0129] 24 REs are used>4 layer transmission.
[0130] The mapping schemes of parts €50 and e60 of FIG.
5 have a DMRS density as follows:
[0131] 8 REs are used 1 layer transmission;
[0132] 12 REs are used 2 layer transmission; and
[0133] 24 REs are used>2 layer transmission.
[0134] The mapping scheme of part €70 of FIG. 5 has a
DMRS density as follows:
[0135] 8 REs are used<=4 layer transmission;
[0136] 12 REs are used>4 and <=8 layer transmission;
and
[0137] 24 REs are used>8 layer transmission.
[0138] The DMRS density varies according to the antenna
port mapping scheme for Type2, which means that the
one-symbol pattern and two-symbol pattern for DMRS may
use different mapping patterns according to the optimized
mapping scheme.
[0139] The parameters of Equation (1) may be set to
different values depending on the antenna port mapping
scheme for the one-symbol pattern and two-symbol pattern
for DMRS Type2 as follows. The one-symbol pattern and
two-symbol pattern configurations for DMRS according to

4 REs are used<=2 layer transmission;
8 REs are used>2 and <=4 layer transmission;

8 REs are used<=2 layer transmission;
12 REs are used>2 and <=4 layer transmission;
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the antenna port mapping schemes disclosed in FIG. 5 may
be categorized into 10 categories as follows:
[0140] Casel: One symbol part €10 and Two symbol
part e30;
[0141] Case2: One symbol part €10 and Two symbol
part e40;
[0142] Case3: One symbol part €10 and Two symbol
part e50;
[0143] Case4: One symbol part €10 and Two symbol
part e60;
[0144] CaseS: One symbol part €10 and Two symbol
part €70;
[0145] Case6: One symbol part €20 and Two symbol
part e30;
[0146] Case7: One symbol part €20 and Two symbol
part e40;
[0147] Case8: One symbol part €20 and Two symbol
part e50;
[0148] Case9: One symbol part €20 and Two symbol
part e60; and
[0149] CaselO: One symbol part €20 and Two symbol
part €70.
[0150] For the two-symbol patterns, it may be possible to
consider additional cases according to the order of applica-
tion of the FD-OCC and TD-OCC to the antenna ports in
two adjacent REs as follows: Here, total 20 available map-
ping schemes can be considered.
[0151] Alt-1: to apply FD-OCC first and then TD-OCC
to two-symbol pattern; and
[0152] Alt-2: to apply TD-OCC first and then FD-OCC
to two-symbol pattern.
[0153] Although FIGS. 4 and 5 illustrate the DMRS port
mapping performed in the order from the top to the bottom
subcarrier, it may also be possible to perform the DMRS port
mapping in the order from bottom to the top subcarrier. The
DMRS port mapping method is elaborated in the sixth
embodiment described below.
[0154] Table 4 shows setting values of parameters of
Equation (1) for typel and type2 DMRS port mapping
schemes.

TABLE 4
A

DM-RS DM-RS w,(k) w, (1 DM-RS type
p type 1 type2 k'=0k'=1 I'=0 I'=1 supported
1 0 0 +1 +1 +1 +1 type 1, type 2
2 0 0 +1 -1 +1 41 typel,type2
3 1 2 +1 +1 +1 +1 type 1, type 2
4 1 2 +1 -1 +1 41 typel,type2
5 0 0 +1 41 +1 -1 typel,type2
6 0 0 +1 -1 +1 -1 typel,type2
7 1 2 +1 41 41 -1 typel,type2
8 1 2 +1 -1 +1 -1 typel,type2
9 — 4 +1 +1 +1 +1 type2
10 — 4 +1 -1 +1 +1 type2
11 — 4 +1 +1 +1 -1 type2
12 — 4 +1 -1 +1 -1 type2

[0155] In Table 4, p denotes an antenna port index to

which the DMRS port P is mapped in a different manner
according to the DMRS mapping schemes available for
Typel and Type2. The parameters presented in Table 4 can
be used with Equation (1) and may be mathematically
modified in whole or in part with the expectation of the same
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effect. It may be advantageous to use the pattern of part d10
of FIG. 4 when forming Typel pattern with one symbol in
consideration of DMRS overhead and channel estimation
performance. Also, it may be advantageous to use the pattern
of part d50 of FIG. 4 when forming Typel pattern with two
symbols. The parameters listed in Table 4 may be configured
differently for the one-symbol pattern and two-pattern as
described above. Tables 5 and 6 show the parameters of
Table 4 that are configured for the patterns of part d10 and
d50 of FIG. 4, respectively.

TABLE 5
— wek) w, (1)
P A k=0 k=1 I=o
P1 0 +1 +1 +1
P2 1 +1 +1 +1
P3 0 +1 -1 +1
P4 1 +1 -1 +1
TABLE 6
w4k w(l")
P A k=0 k=1 I'=0 =1
P1 0 +1 +1 +1 +1
P2 0 +1 -1 +1 +1
P3 1 +1 +1 +1 +1
P4 1 +1 -1 +1 +1
Ps5 0 +1 +1 +1 -1
P6 1 +1 +1 +1 -1
P7 0 +1 -1 +1 -1
P8 1 +1 -1 +1 -1
[0156] It may be advantageous to use the pattern of part

€20 of FIG. 5 when forming the Type2 pattern with one
symbol in consideration of the DMRS overhead and channel
estimation performance. Also, it may be advantageous to use
the pattern of part e40 of FIG. 5 when forming the Type2
pattern with two symbols. The parameters listed in Table 4
may be configured differently for the one-symbol pattern
and two-pattern as described above. Tables 7 and 8 show the
parameters of Table 4 that are configured for the patterns of
part €20 and e40 of FIG. 5, respectively.

TABLE 7
wAk" w,(l)
p A k'=0 k=1 I'=0
P1 0 +1 +1 +1
P2 2 +1 +1 +1
P3 4 +1 +1 +1
P4 0 +1 -1 +1
Ps 2 +1 -1 +1
P6 4 +1 -1 +1
TABLE 8
wik') w(l)
P A k=0 k'=1 '=0 =1
P1 0 +1 +1 +1 +1
P2 0 +1 -1 +1 +1
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TABLE 8-continued
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[0157] Overall operations of the gNB and UE associated
with DMRS pattern Typel and Type2 are described herein-
after.

[0158] FIG. 6A is a flowchart of a method of the gNB and
UE, according to an embodiment.

[0159] At step 100, the gNB configures the DMRS pattern
Typel and Type2 information via higher layer signaling. For
example, the gNB may transmit DMRS pattern information
to the UE via an RRC message.

[0160] Ifitis determined at step f10 that the Typel DMRS
pattern is configured, the gNB may signal the number of
layer & port number information for Typel at step £20, as
described above. If it is determined at step f21 that the
DMRS is configured in the one-symbol pattern, the gNB
configures DMRS parameters for the one-symbol DMRS
pattern at step 22. If it is determined that the DMRS is
configured in the two-symbol pattern, the gNB configures
DMRS parameters for the two-symbol DMRS pattern at step
23.

[0161] The UE may check the DMRS configuration infor-
mation at step 24 and perform channel estimation at step
f40. If it is determined at step f10 that the Type2 DMRS
pattern is configured, the gNB performs the same operation
as that being performed when the Typel DMRS pattern is
configured. The gNB may signal the number of layer & port
number information for Type2 at step £30.

[0162] If it is determined at step 31 that the DMRS is
configured in the one-symbol pattern, the gNB configures
DMRS parameters for the one-symbol DMRS pattern at step
32. If it is determined that the DMRS is configured in the
two-symbol pattern, the gNB configures the DMRS param-
eters for the two-symbol DMRS pattern at step £33. The UE
may check the DMRS configuration information at step 34
and perform channel estimation at step f40.

[0163] The DMRS density may vary depending on the
DMRS port mapping, and the method for mapping the
one-symbol and two-symbol DMRS patterns to the antenna
ports may be changed depending on the DMRS type. The
parameter configuration for Typel may be determined dif-
ferently at steps 22 and 23. The parameter configuration
for Type2 may be determined differently at steps 32 and
33.

Second Embodiment

[0164] The second embodiment is directed to a method for
solving a power imbalance problem using the DMRS pat-
terns disclosed in the first embodiment. Typically, using
TD-OCC may cause a power imbalance problem. When the
DMRS type 1 and type2 described in the first embodiment
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are configured with two symbols and CDM is applied in both
the time and frequency domains simultaneously, the CDM
with an OCC length of 4 is applied in the time and frequency
domains as shown in FIG. 6B.

[0165] When precoding is applied to the OCC, the trans-
mission signal may be expressed as Equation (2b).

W, 15 Wn,2Wn3Wna Wil +Wn2 +Wn3 + Wy (2b)

[
[Wi, 15 W 2Wn3Wnal-D = Wn1 = Wn2 +Wn3 — Wya
[

Xy =

Wi, 1y Wn,2Wn,3Wn 4 = Wul + Wn2 —Wn3 — Wna

I-a
R4
l-e
1-d

[Wn, 1> Wn2Wn3Wnal d = Wn1 —Wy2 = Wn3 + Wna

[0166] A description is made of the power imbalance
problem arising when W, =W, ,=W_.=W_, in Bquation
(2b) with reference to FIGS. 7A and 7B. FIGS. 7A and 7B
are diagram of the power imbalance problem, according to
an embodiment.

[0167] Part g10 of FIG. 7A illustrates when the CDM with
the OCC length of 4 is applied in the time and frequency
domains in association with the DMRS typel as described
above. Here, it is possible to observe that a peak power
variation of 4.77 dB occurs for the case of W, ,=W, ,=W
3=W, , in part g20 of FIG. 7A. Part g50 of FIG. 7A is when
the CDM with the OCC length of 4 is applied in the time and
frequency domains in association with the DMRS type2 as
described above. Here, it is possible to observe that a peak
power variation of 3.01 dB occurs for when W, , =W, ,=W
=W, , in part g60 of FIG. 7A. In order to solve this
problem, a method for changing the CDM application pat-
tern in the time and frequency domains is provided. It may
also be possible to apply a method of swapping (toggling)
the application of CDM in the time and frequency domains
as described below, or apply, at the gNB, phase shifting
along with the precoding to obtain the same effect.

[0168] Altl: Method of swapping (toggling) application
of CDM in tome or frequency domain; and

[0169] Alt2: Method of applying phase-shifting along
with precoding (gNB implementation).

[0170] A description of the method of Altl is made with
reference to FIG. 7A. Part g30 of FIG. 7A illustrates a
method of swapping (toggling) CDM application within 2
RBs for DMRS typel. Here, it is possible to observe that the
power imbalance problem is overcome through peak power
randomization for when W, =W, =W, _.=W,,in part gd0
of FIG. 7A. Part g70 of FIG 7A illustrates a method of
swapping (toggling) the DCM application for DMRS type2
within 2 RBs in the frequency domain. Here, it is possible
that the power imbalance problem is overcome through peak
power randomization for when W, ;=W _.=W_.=W , in
part g80 of FIG. FIG. 7B. In the method of Al2 for solving
the problem through gNB implementation, if the gNB per-
forms phase shifting on the precoder corresponding to W, ,
and W, , every 2 PRBs to change the code of W, ; and W, ,
if the phase-shifted precoding is applied to the OCC of FIG.
6B, the transmission signal may be expressed as Equation
(3). Here, the peak power may be randomized by Equation
(2b) applied to different PRBs and Equation (3).
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[Wa, 15 W 2Wn,3Wn 4l - @ = Wit + Wn2 — W3 — Wna (3
) Do W2 W3l b = W) =W = Was + Vg
= [Wn, 1> Wn2Wn3Wnal € = W1 + W2 + Wn3 + Wy
[Wn, 1> Wn2Wn3Wnal-d = Wn 1 — Wy2 + Wiz = Wna

[0171] Although this embodiment is directed to DMRS,
the same method can be applied to other types of RSs such
as CSI-RS to which OCC or CDM is applied.

[0172] A description is made of the power imbalance
problem arising in CSI-RS with reference to FIG. 7C.
Although FIG. 7C illustrates an example of when the CDM
with the OCC length of 4 is applied in such a way that the
CSI-RS is located on two adjacent subcarriers at the top end
in two adjacent OFDM symbols in one PRB, the locations
of the RE for the CSI-RS are not limited to those shown in
FIG. 7C.

[0173] For example even when the CDM is applied to two
or more time-frequency resources (REs) to which one
antenna port is mapped (e.g., CDM2 to 2 REs, CDM4 to 4
REs, and CDMS to 8 REs), the methods described herein can
be applied in extended different manner. The CSI-RS density
may be set to one of different values such as [1, V5, V4]
RE/RB/port, and the examples provided herein may be
applied to all of the CSI-RS densities. If the CSI-RS is
located at the locations as shown in part g90 of FIG. 7C, it
is possible to observe that the peak power variation of 1.46
dB arises when W, =W, =W _.=W_, in Equation (2b) in
part g100 of FIG. 7C. Part g110 of FIG. 7C illustrates a
method of swapping (toggling) the CDM application within
2 RBs in the frequency domain as in Altl. Here, it is possible
to observe that the power imbalance problem is overcome
through peak power randomization for the case of W, , =W,
=W, =W, , in part gl120 of FIG. 7C. Although the above
description is directed to when the CSI-RS density is 1 such
that the peak power randomization is achieved within two
PRBs, the method can also be used for when the CSI-RS
density is less than 1 by swapping (toggling) the CDM
application within the increased number of PRBs. For
example, if a CSI-RS is mapped every 2 PRBs, the peak
power randomization may be achieved by swapping (tog-
gling) the CDM application within 4 PRBs in the frequency
domain. It may be possible to perform the peak power
randomization through gNB implementation by applying the
method of Alt2 as described with reference to Equation (3).

Third Embodiment

[0174] The third embodiment is directed to a method for
signaling the number of layer & port number information
based on the DMRS patterns disclosed in the first embodi-
ment. It should be noted that the number of layer & port
number information signaling method can be changed
depending on the DMRS pattern. A method for signaling
number of layer & port number which is changed according
to Typel and Type2 is provided.

[0175] As described above, since the number of orthogo-
nal DMRS ports in the DMRS pattern for use in the NR
system is much greater than that in the DMRS pattern for use
in the LTE system, it may be difficult to distinguish among
the increased number of DMRS ports for supporting MU-
MIMO only with CDM. Accordingly, there is a need to
apply CDM, FDM, and TDM together to distinguish among
the ports for MU-MIMO. When the LTE system supports 4
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orthogonal DMRS ports for MU-MIMO, the DMRS ports
may be distinguished by CDM codes with the OCC length
of 4. Accordingly, in order to perform the MU-MIMO for
2-layer transmission to two users, it may be possible to
assign 4 orthogonal DMRS ports using codepoints 0 and 1
for 2 codewords (CWs) in Table 2-2. Since 4 orthogonal
DMRS ports can be distinguished by the CDM codes with
the OCC length of 4, it is possible to allocate the port
number in the form of port 7-8 and port 11, 13 as follows:

[0176] codepoint O: 2 layer, port 7-8, nSCID=0

(OCC=4); and

[0177] codepoint 1: layer, port 11,13, nSCID=0
(OCC=4).
[0178] In the NR system supporting up to 12 orthogonal

DMRS ports for MU-MIMO, however, it is impossible to
distinguish among all ports with the CDM, and thus signal-
ing has to be made in consideration of various port number
assignments for supporting the MU-MIMO. If the signaling
is made in consideration of a specific port number assign-
ment, this may cause scheduling restriction for MU-MIMO.
For example, in the NR system, 8 orthogonal DMRS ports
can be distinguished by applying CDM, FDM, and TDM
together for DMRS Typel, and there are total 28 methods for
allocating two orthogonal DMRS ports. However, if the
signaling is made in consideration of all of the methods, this
increases the number of layer & port number information
signaling overhead significantly, and there is a need of a
method for reducing the number of cases for allocating port
numbers efficiently as disclosed below.
[0179] port number assignment method:

[0180] For MU-MIMO, assign DMRS ports belong-
ing to the same CDM group;

[0181] If the number of ports to assign is less than the
number of ports belonging to one CDM group, it is
not allowed to assign the ports belonging to another
CDM group;

[0182] Only if the number of ports to assign is greater
than the number of ports belonging to one CDM
group, it is allowed to assign the ports belonging to
another CDM group additionally; and

[0183] If necessary, it may be possible to assign
additional DMRS ports with FDM preferentially.

[0184] In the disclosed method, a CDM group is a group
of DMRS ports CDM-ed in the time-frequency domain in
DMRS typel or DMRS type2, as described in the first
embodiment. The DMRS typel consists of two CDM groups
(one composed of the red-colored ports (having diagonal
hatching) and the other composed of the green-colored
(having horizontal hatching) ports in FIG. 4), and the DMRS
type2 consists of three CDM groups (composed of red-
colored, green-colored, and blue-colored ports (having criss-
crossed hatching), respectively, in FIG. 5).

[0185] In the disclosed method, if the additional DMRS
port assignment is made with FDM, this is when it is
expected that channel estimation performance is improved
by applying FDM rather than CDM according to the channel
condition. This may be applied for both the SU-MIMO and
MU-MIMO. When allocating orthogonal DMRS ports for
MU-MIMO through the disclosed method, it is expected to
decrease channel estimation complexity and improve chan-
nel estimation accuracy for MU-MIMO, as well as reducing
the number of cases of orthogonal DMRS port number
assignment. This is because allocating the ports belonging to
the other CDM group is basically increasing the number of
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interferences to be considered and requires considering all of and the pattern of part e40 of FIG. 5 is used for the

the cases, and thus increases MU-MIMO channel estimation two-symbol case. In this case, a total of 7 bits is required.
complexity. In this respect, a description is made of the
method for signaling the number of layer & port number TABLE 10
information for t applying the above method to the DMRS
typel and type2, described in the first embodiment. . Number Number of
[0186] Table 9 is an example of a design of a DMRS table index of Layer P Symbol
for supporting up to 4 MU-MIMO layers per UE in the 1 1 1 1
Typel DMRS pattern supporting 8 orthogonal ports for 2 1 2 1
MU-MIMO. In Table 9, it is assumed that the pattern of part i } i }
d10 of FIG. 4 is used for the one-symbol case and the pattern 5 1 5 1
of part d50 of FIG. 4 is used for the two-symbol case. In this 6 1 6 1
case, s total of 6 bits is required. 7 2 1,2 1
8 2 14 1
9 2 2,5 1
TABLE 9 10 5 3,6 1
11 3 1,23 1
Number Number of 12 3 124 1
index of layer P Symbol 13 3 14,5 1
14 3 1,34 1
1 1 1 1 15 3 14,6 1
2 1 2 1 16 3 12,5 1
3 1 3 1 17 3 24,5 1
4 1 4 1 18 3 23,5 1
5 2 1,2 1 19 3 25,6 1
6 2 1,3 1 20 3 13,6 1
7 2 24 1 21 3 34,6 1
8 3 1,23 1 22 3 23,6 1
9 3 1,24 1 23 3 35,6 1
10 3 1,34 1 24 4 12,34 1
11 3 2,34 1 25 4 1,245 1
12 4 12,34 1 2% 4 1346 1
13 1 1 2 27 4 23,56 1
14 1 2 2 28 5 12,345 1
15 1 3 2 29 5 1,2,34,6 1
16 1 4 2 30 5 1,2,3,5,6 1
17 1 5 2 31 5 1,24,5,6 1
18 1 6 2 32 5 1,3,4,5.6 1
19 1 7 2 33 5 2,3,4,5,6 1
20 1 8 2 34 6 1,2,3,4,5,6 1
21 2 1,2 2 35 1 1 5
22 2 1,5 2 36 1 5 5
23 2 1,7 2 37 1 3 5
24 2 2,5 2 38 1 4 5
25 2 2,7 2 30 1 5 5
26 2 5,7 2 20 1 6 5
27 2 34 2 41 1 7 5
28 2 3,6 2 4 1 3 5
29 2 3.8 2 2 1 9 5
30 2 46 2 44 1 10 2
31 2 48 2 45 1 11 2
32 2 6,8 2 46 1 12 2
33 3 1,2,3 2 47 5 12 5
34 3 1,2,5 2 48 5 17 5
33 3 1,27 2 49 2 1,10 2
36 3 1,57 2 50 5 27 5
37 3 23,7 2 51 2 2,10 2
38 3 346 2 52 2 7,10 2
39 3 34,8 2 53 5 34 5
40 3 3,6,8 2 54 5 38 5
41 3 468 2 55 2 3,11 2
42 4 12,34 2 56 5 48 5
43 4 12,57 2 57 5 411 5
44 4 3,4,6,8 2 58 5 8.11 5
45 5 1,2,3,4,5 2 50 5 56 5
46 6 1,2,3.4,5,6 2 60 5 59 5
47 7 1,2,3,4,5,6,7 2 61 5 512 5
48 8 1,2,3,4,5,6,7.8 2 62 5 6.9 5
. . . . 63 5 6.12 5
64 reserved reserved reserved 64 5 912 5
65 3 1,23 2
. . 66 3 1,27 2
[0187] Table 10 is an example of a design of a DMRS
. 67 3 1,2,10 2
table for the case of supporting up to 4 MU-MIMO layers 68 3 17.10 5
per UE in the Type2 DMRS pattern supporting 12 orthogo- 69 3 2,7,10 2
nal ports for MU-MIMO. In Table 10, it is assumed that the 70 3 348 2

pattern of part €20 of FIG. 5 is used for the one-symbol case
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TABLE 10-continued

Number Number of

index of Layer P Symbol
71 3 34,11 2
72 3 3,8,11 2
73 3 48,11 2
74 3 5,6,9 2
75 3 5,6,12 2
76 3 59,12 2
77 3 6,9,12 2
78 4 1,2,34 2
79 4 1,2,7,10 2
30 4 3,4,8,11 2
81 4 5,6,9,12 2
32 5 1,2,3,4,5 2
83 6 1,2,3,4,5,6 2
84 7 1,2,3,4,5,6,7 2
85 8 1,2,3,4,5,6,7,8 2

128 reserved reserved reserved

[0188] Although P is followed by the port numbers in
FIGS. 4 and 5, it is omitted before the port numbers in the
port number column p of Tables 9 and 10. It should be noted
that the DMRS port number assignment value may be
changed in the above-disclosed tables depending on the
DMRS pattern mapping scheme as described in the first
embodiment. The above tables may be configured differently
depending on the port number assignment method and port
mapping schemes described with reference to FIGS. 4 and
5. In order to reduce signaling overhead, the following
methods can be considered:

[0189] Method 1: If a one symbol and two symbol
indicator is provided by higher layers, it may be pos-
sible to signal the number of layer & port number
information for the one-symbol case and the number of
layer & port number information for the two-symbol
case in Tables 9 and 10 separately;

[0190] Method 2: If number of layers>4, this is the case
of 2-CW transmission and thus it may be considered to
configure the number of layer & port number informa-
tion for 1-CW transmission (number of layers=4) into
two rows for signaling; and

[0191] Method 3: It may also be possible to further
consider limiting port number assignment to specific
port numbers among the combinations of port assign-
ments configured according to the port number assign-
ment method.

[0192] When applying the Methods 1 and 2, Table 9 may
be extended to Tables 11 and 12, and Table 9 may be
extended to Tables 13 and 14. Table 11 is associated with
Typel 4 orthogonal DMRS ports (Max # of MU layers per
UE is 4, part d10 of FIG. 4, two symbols). Table 12 is
associated with Typel 8 orthogonal DMRS ports (Max # of
MU layers per UE is 4, part d50 of FIG. 4, two symbols).
Table 13 is associated with Type2 6 orthogonal DMRS ports
(Max # of MU layers per UE is 4, part 20 of FIG. 5, one
symbol), and Table 14 is associated with Type2 12 orthogo-
nal DMRS ports (Max # of MU layers per UE is 4, part e40
of FIG. 5, two symbols).

12

TABLE 11
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Two Codewords:
Codeword 0 enabled,
Codeword 1 disabled

# of
index Layer P
1 1 1
2 1 2
3 1 3
4 1 4
5 2 1,2
6 2 1,3
7 2 24
8 3 1,2,3
9 3 1,24
10 3 1,34
11 3 2,34
12 4 1,2,3,4
13 reserved reserved
14 reserved reserved
15 reserved reserved
16 reserved reserved
TABLE 12
Two Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Number Number
index  of Layer p index of Layer p
1 1 1 1 5 1,2,34,5
2 1 2 2 6 1,2,3,4,5,6
3 1 3 3 7 1,2,3,4,5,6,7
4 1 4 4 8 1,2,3,4,5,6,7,8
5 1 5 5 reserved  reserved
6 1 6 6 reserved  reserved
7 1 7 7 reserved  reserved
8 1 8 8 reserved  reserved
9 2 1,2 9 reserved  reserved
10 2 1,5 10 reserved  reserved
11 2 1,7 11 reserved  reserved
12 2 2,5 12 reserved  reserved
13 2 2,7 13 reserved  reserved
14 2 5,7 14 reserved  reserved
15 2 3,4 15 reserved  reserved
16 2 3,6 16 reserved  reserved
17 2 3,8 17 reserved  reserved
18 2 4.6 18 reserved  reserved
19 2 48 19 reserved  reserved
20 2 6,8 20 reserved  reserved
21 3 1,2,3 21 reserved  reserved
22 3 1,2,5 22 reserved  reserved
23 3 1,2,7 23 reserved  reserved
24 3 1,5,7 24 reserved  reserved
25 3 2,57 25 reserved  reserved
26 3 3,4,6 26 reserved  reserved
27 3 3,48 27 reserved  reserved
28 3 3,6,8 28 reserved  reserved
29 3 4,6,8 29 reserved  reserved
30 4 1,2,34 30 reserved  reserved
31 4 1,2,5,7 31 reserved  reserved
32 4 3,4,6,8 32 reserved  reserved
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TABLE 13 TABLE 14-continued
Two Codewords: Two Codewords: Two Codewords: Two Codewords:
Codeword O enabled, Codeword O enabled, Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled Codeword 1 disabled Codeword 1 enabled
Number Number Number Number
index of layer p index of layer p index of layer p index of layer p
1 1 1 1 5 1,2,3,4,5 26 2 5,9 26 reserved  reserved
2 1 2 2 5 1,2,3,4,6 27 2 5,12 27 reserved  reserved
3 1 3 3 5 1,2,3,5,6 28 2 6,9 28 reserved  reserved
4 1 4 4 5 1,24,5,6 29 2 6,12 29 reserved  reserved
5 1 5 5 5 1,3,4,5,6 30 2 9,12 30 reserved  reserved
6 1 6 6 5 2,3,4,5,6 31 3 1,2,3 31 reserved  reserved
7 2 1,2 7 6 1,2,34,5,6 32 3 1,2,7 32 reserved  reserved
8 2 1,4 8 reserved  reserved 33 3 1,2,10 33 reserved  reserved
9 2 2,5 9 reserved  reserved 34 3 1,7,10 34 reserved  reserved
10 2 3,6 10 reserved  reserved 35 3 2,7,10 35 reserved  reserved
11 3 1,23 11 reserved  reserved 36 3 3,48 36 reserved  reserved
12 3 1,24 12 reserved  reserved 37 3 3,4,11 37 reserved  reserved
13 3 14,5 13 reserved  reserved 38 3 3,8,11 38 reserved  reserved
14 3 1,34 14 reserved  reserved 39 3 48,11 39 reserved  reserved
15 3 1,4,6 15 reserved  reserved 40 3 5,6,9 40 reserved  reserved
16 3 1,2,5 16 reserved  reserved 41 3 5,6,12 41 reserved  reserved
17 3 245 17 reserved  reserved 42 3 5,9,12 42 reserved  reserved
18 3 23,5 18 reserved  reserved 43 3 6,9,12 43 reserved  reserved
19 3 2,56 19 reserved  reserved 44 4 1,2,34 44 reserved  reserved
20 3 1,3,6 20 reserved  reserved 45 4 1,2,7,10 45 reserved  reserved
21 3 34,6 21 reserved  reserved 46 4 3,4,8,11 46 reserved  reserved
22 3 23,6 22 reserved  reserved 47 4 5,6,9,12 47 reserved  reserved
23 3 3,56 23 reserved  reserved s s s s s s
24 4 1234 24 reserved  reserved 64 reserved  reserved 64 reserved  reserved
25 4 1,245 25 reserved  reserved
26 4 1,3,4,6 26 reserved  reserved ) L. .
27 4 235.6 27 reserved  reserved [0193] As described above, it is possible to reduce the
28 reserved  reserved 28 reserved  reserved number of extra bits in the above tables by applying Method
29 reserved  reserved 29 reserved  reserved 3. In this case, however, a scheduling restriction may occur
30 reserved  reserved 30 reserved  reserved for MU-MIMO.
31 reserved  reserved 31 reserved  reserved
32 reserved  reserved 32 reserved  reserved .
Fourth Embodiment
[0194] The fourth embodiment is directed to a method for
TABLE 14 signaling DMRS port grouping information as part of the
DMRS signaling information and a UE operation. The NR
Two Codewords: Two Codewords: system supports DMRS grouping, which is defined as fol-
Codeword 0 enabled, Codeword 0 enabled, lows:
Codeword 1 disabled Codeword 1 enabled .
- [0195] DMRS ports within one DMRS port group are
Number Number QCL-ed, and DMRS ports in different groups are
index of layer p index of layer p non-QCL-ed; and
1 1 1 1 5 12,345 [0196] Two antenna ports are QCL-ed (quasi co-lo-
2 1 2 2 6 1,2,3,4,5,6 cated) if the large-scale properties of the channel over
3 1 3 3 7 1,234,567 which a symbol on one antenna port is conveyed can be
4 1 4 4 8 1,2,3,4,5,6,7,8 . .
inferred from the channel over which a symbol on the
5 1 5 5 reserved  reserved N
6 1 6 6 reserved  reserved other antenna port is conveyed. The large-scale prop-
7 1 7 7 reserved  reserved erties include one or more of delay spread, Doppler
8 1 8 8 reserved reserved spread, Doppler shift, average gain, average delay, and
9 1 9 9 reserved  reserved tial ton® :
10 1 10 10 reserved  reserved spalial reception'®’x parameters.
11 1 1 1 reserved  reserved [0197] The Typel pattern supports 8 orthogonal DMRS
g i }22 g reserv eg reserv eg ports that can be grouped, and the Type2 pattern supports 12
14 5 7 i i:::zz " i:::zz i orthogonal DMRS ports that can be group. It should be
15 5 110 15 reserved  reserved noted that the DMRS port grouping method may be changed
16 2 2,7 16 reserved  reserved depending on the port mapping method which is changed
17 2 2,10 17 reserved  reserved according to the DMRS patter type. This may require a UE
18 2 7,10 18 reserved  reserved . . s .
operation corresponding thereto. A description is made of
19 2 34 19 reserved  reserved ) . T :
20 5 38 20 reserved  reserved the UE operation in association with the DMRS port group-
21 2 3,11 21 reserved  reserved ing with reference to FIG. 8.
22 2 48 2 reserved - reserved [0198] FIG. 8 is a flowchart of a method of a UE operation
23 2 4,11 23 reserved  reserved . A )
24 5 8.11 24 reserved  reserved for DMRS port grouping, according to an embodiment. At
25 2 5,6 25 reserved  reserved step h00, the gNB configures DMRS information. DMRS
port grouping information may be configured in a semi-
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static manner via RRC signaling or dynamically via a media
access control (MAC) CE or DCI.

[0199] A DMRS port grouping configuration method is
provided herein. At step h10, the UE checks the DMRS
information configured by the gNB. If it is determined at
step h11 that the number of the DMRS port groups is one,
the UE assumes at step h20 that all ports are QCL-ed and
performs channel estimation based on the RS at the DMRS
port locations and QCL information at step h40. If it is
determined at step h1l that the number of DMRS port
groups is two or more, the UE checks the configured DMRS
type at step h30. As described above, the DMRS port
grouping method may be changed because the port mapping
method may be changed according to the DMRS pattern
type. Accordingly, if it is determined at step h30 that the
DMRS typel is configured, the UE uses the QCL-ed DMRS
port information for Type at step h31. If it is determined at
step h30 that the DMRS type2 is configured, the UE uses the
QCL-ed DMRS port information for Type2 at step h32.
Finally, the UE performs channel estimation based on the RS
at the DMRS port locations and QCL information at step
h40.

[0200] The DMRS port grouping may be performed for
various purposes. The DMRS port grouping may be per-
formed for NC-JT. As a CoMP technique for multiple TP to
transmit different data simultaneous, the NC-JT assumes
different QCLs for different TPs to receive the data trans-
mitted by the different TPs and estimate channels accurately.
The data transmitted by different TBs may be regarded as
being carried by two different codewords in view of the UE.
Accordingly, it is necessary to transmit the DMRS port
grouping information to the UE for NC-JT. As described
above, the DMRS port grouping information may be trans-
mitted in a hybrid form of RRC/MAC-CE/DCI or only via
DCI. When using the RRC signaling, the DMRS ports may
be grouped based on the QCL-ed DMRS ports information
as shown in Table 15.

TABLE 15

-- ASN1START
NC-JTInfo SEQUENCE {
Typel-DMRSportgroupList
Typel-Groupl DMRSportList :
Typel-Group2DMRSportList :
Typel-Group3DMRSportList :
Typel-Group4DMRSportList :

CHOICE {

BIT STRING (SIZE (8)),
BIT STRING (SIZE (8)),
BIT STRING (SIZE (8)),
BIT STRING (SIZE (8)),

Type2-DMR SportgroupList
Type2-Group 1 DMRSportList :
Type2-Group2DMR SportList :
Type2-Group3DMRSportList :
Type2-Group4DMR SportList ::

CHOICE {

BIT STRING (SIZE (12)),
BIT STRING (SIZE (12)),
BIT STRING (SIZE (12)),
BIT STRING (SIZE (12)),

-- ASN1STOP

[0201] Table 15 is an example of the DMRS port grouping
information including DMRS Typel and DMRS Type2 in
the form of bitmaps for use in NC-JT. The DMRS port
grouping information may also be preconfigured with a
predetermined number of DMRS groups that can be selected
for use, and the number of DMRS group may be greater or
less than that shown above. The DMRS port grouping
information may be configured via a MAC CE rather than
RRC signaling in a similar manner. The terms used in Table
15 may be replaced by other terms. In Table 15, Typel-
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DMRSportgroupList includes DMRS port grouping infor-
mation for DMRS Typel, Typel-Groupl DMRSportList
includes the information on the DMRS ports belonging to
the DMRS port groupl, and Typel-Group2DMRSportList
includes the information on the DMRS ports belonging to
the DMRS port group2. When only one DMRS port group
is configured, the port information may be included in only
the Typel-Groupl DMRSportList but not in the Typel-
Group2DMRSportList. When the information is expressed
in the form of bitmap, each bit is set to 1 for use of the
corresponding port and O for non-use of the corresponding
port, and the bits constituting the bitmap are mapped to the
port numbers in the ascending order, i.e., the first bit to the
lowest port number and the last bit to the highest port
number.

[0202] Assuming Typel-Groupl DMRSportList=[11110
0 0 0] and Typel-Group2DMRSportList=[0 00 0 0 0 0 0],
among the DMRS ports 0 to 7, DMRS ports 0, 1, 2, and 3
are used and QCL-ed in one DMRS port group. When two
DMRS port groups are configured, if Typel-
GrouplDMRSportList=[1 1 0 0 1 1 0 0] and Typel-
Group2DMRSportList=[0 0 1 1 0 0 1 1], all of the DMRS
ports 0to 7 are used such that ports 0, 1, 4, and 5 are grouped
into DMRS port groupl and ports 2, 3, 6, and 7 are into
DMRS group?2.

[0203] It may be possible to configure more DMRS port
groups in a similar manner, and the same principle can be
applied to Type2 DMRS configuration. If there are two or
more DMRS port groups, there may be a need of additional
configuration for supporting the NC-JT. For example,
assuming two DMRS port groups are configured for Typel
DMRS, Typel-GrouplDMRSportList=[1 1 0 1 1 0 0],
Typel-Group2DMRSportLis t=[00 11 00 1 1], and DMRS
ports are configured for TP1 and TP2 respectively, there is
a need of additional configuration for when all of the DMRS
ports configured for the respective TPs are not used for
NC-JT. For example, when it is necessary to select one
DMRS port from each DMRS port group for 2-layer NC-JT,
it may be considered to select the lowest port number as the
simplest method. In this case, DMRS port=0 is selected for
TP1 and DMRS port=2 is selected for TP2 in the above
example.

[0204] For 3-layer NC-JT with 1-layer transmission from
TP1 and 2-layer transmission from TP2, it may be possible
to select DMRS port O for TP1 and DMRS ports 2 and 3 for
TP2. The DMRS port grouping information as shown in
Table 15 may be configured via RRC signaling or MAC CE.
However, as the simplest method, it may be considered to
allow configuring up to 2 DMRS port groups through equal
partitioning. That is, in the case of Typel DMRS supporting
up to 8 orthogonal antenna ports, it may be possible to group
the antenna ports into two fixed DMRS port groups, e.g., one
DMRS port group including ports 0 to 3 and the other
DMRS port group including ports 4 to 7. However, this
method has a drawback of difficulty in configuring the
DMRS port groups flexibly by reflecting QCL characteris-
tics. It may also be possible to configure DMRS port groups
through gNB implementation. The DMRS port groups are
configured with the DMRS ports indicated in the PDCCH
transmitted by the gNB. The DMRS port group configura-
tion methods can be summarized as follows:

[0205] Method 1: To configure DMRS port grouping
information via RRC signaling or MAC CE;
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[0206] Method 2: To fix DMRS port groups through
equal partitioning; and
[0207] Method 3: To configure DMRS port groups with
DMRS ports indicated in PDCCH by decision of gNB.
[0208] In the NC-JT, it may be possible to use multiple
PDCCHs and one PDCCH. When using multiple PDCCH
for supporting the NC-JT, the UE may receive multiple
PDCCHs in one or multiple bandwidth parts of one com-
ponent carrier. These NC-JT assistance methods may be
summarized as follows:

[0209] Method 1: NC-JT with assistance of multiple
PDCCHes;
[0210] =Method 1-1: UE receive multiple PDCCHs

in one bandwidth part of one component carrier;
[0211] =Method 1-2: UE receive PDCCHs in mul-
tiple bandwidth parts of one component carrier, and

[0212] Method 2: NC-JT with assistance of one
PDCCH.
[0213] As a result, the DMRS port group configuration

may be performed in various fashions by combining the
three DMRS port group configuration methods and two
NC-JT assistance methods. For example, when using the
NC-JT assistance Method 1 and the DMRS port group
configuration Method 3, the DMRS port groups are config-
ured with the DMRS ports indicated in the PDCCHs trans-
mitted by the respective TPs such that the UE receives
signals in the NC-JT mode by demodulating the multiple
PDCCHs.

[0214] When using the NC-JT assistance Method 2 sup-
porting only one PDCCH, however, it may be necessary to
signal additional information via DCI. Table 16 shows an
example of DMRS port grouping information added for the
NC-JT with the assistance of one PDCCH. Although Table
16 is an example of the information for supporting up to 2
DMRS port groups, the number of DMRS port groups is not
so limited. In Table 16, there are two groups for 2-CW
transmission, which means signaling for NC-JT, and the
ports constituting each group is configured via RRC signal-
ing or MAC CE. That is, this signaling for NC-JT can be
used only for when two or more TPs are used for transmis-
sion. Here, it should be noted that the expression of signaling
for NC-JT may be replaced by other terms, such as NC-JT,

rather than two groups.
TABLE 16

Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

Value Message
0 2 layer, two group
1 3 layer, two group
2 4 layer, two group
3 5 layer, P1-P5
4 5 layer, two group
5 6 layer, P1-P6
6 6 layer, two group
7 7 layer, P1-P7
8 7 layer, two group
9 8 layer, P1-P8
10 8 layer, two group
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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[0215] In an alternative embodiment, elaborated examples
of the information for when NC-NT with the assistance of
one PDCCH are provided in the similar way of Table 16 (see
Tables 20-3 and 28-1, for example).

[0216] The above methods of configuring the DMRS port
groups via RRC signaling or MAC CE are advantageous in
terms of making it possible to group the ports in various
ways. When configuring the DMRS port groups only via
DCI, the number of bits required for the information may
increase because of the existence of various port grouping
methods. Accordingly, it is necessary to consider DCI over-
head in designing the DMRS port group only via DCI. In
order to overcome this drawback, it may be possible to
consider a method for configuring a number of fixed DMRS
port groups in a restricted manner and select at least one of
the DMRS port groups. It may be considered to group the
DMRS ports CDM-ed in the time-frequency domain into
DMRS port groups for DMRS typel or type2 as described
in the first embodiment. When using this method, the DMRS
typel may consist of two DMRS port groups (one port group
of the red-colored ports and the other port group of the
green-colored ports in FIG. 4), and the DMRS type2 may
consist of three DMRS port groups (composed of red-
colored, green-colored, and blue-colored ports, respectively,
in FIG. 5). In the case of the DMRS type2, however, it may
be unclear to configure two port groups depending on the
DMRS port mapping scheme. For example, when using the
pattern depicted in part e30 of FIG. 4, 6 ports may be
grouped into to DMRS port groups according to various
grouping schemes. It may be possible to reduce the DCI
overhead caused by grouping the DMRS ports only via DCI
by use of specific grouping methods fixedly. In order to
group the ports CDM-ed in the time-frequency domain and
signal the DMRS port grouping information via DCI as
above, it may be possible to consider two methods as
follows:

[0217] Alt-1: independent signaling with 1 or 2 bits of
DCT,
[0218] DMRS Typel: Possible to configure two

DMRS port groups with 1 bit;
[0219] DMRS Type2: Possible to configure 3 DMRS
port groups with 2 bits; and

[0220] Alt-2: signaling with reserved bits of DMRS
table.
[0221] The method of Alt-2 is advantageous in terms of no

extra signaling overhead when the remaining reserved bits
are enough in number in the DMRS Tables described above.
For example, it may be possible to make a signaling with the
reserved bits in Tables 9 and 10, as described above with
respect to the third embodiment.

[0222] It may also be possible to use the DMRS port
grouping for PTRS and DMRS port assignment as well as
NC-JT. A DMRS port group may be assigned a PTRS. Here,
it may be possible to consider a method of configuring the
DMRS port groups for PTRS as shown in Table 17-1 via
RRC configuration to associate the PTRS with the DMRS
ports independently from the DMRS port groups for NC-JT.

TABLE 17-1

-- ASN1START
PTRSInfo SEQUENCE {
Typel-DMRSportgroupList CHOICE {
Typel-GrouplDMRSportList ::= BIT STRING (SIZE (8)),
Typel-Group2DMRSportList ::= BIT STRING (SIZE (%)),
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TABLE 17-1-continued

Typel-Group3DMRSportList ::
Typel-Group4DMRSportList ::

= BIT STRING (SIZE (8)),
= BIT STRING (SIZE (8)),
Type2-DMR SportgroupList
Type2-Group 1 DMRSportList :
Type2-Group2DMR SportList :
Type2-Group3DMRSportList :
Type2-Group4DMR SportList :

CHOICE {

BIT STRING (SIZE (12)),
BIT STRING (SIZE (12)),
BIT STRING (SIZE (12)),
BIT STRING (SIZE (12)),

-- ASN1STOP

[0223] Table 17-1 is an example of the DMRS port group-
ing information including DMRS Typel and DMRS Type2
in the form of bitmaps, which is used as PTRS. The DMRS
port grouping information may also be preconfigured with a
predetermined number of DMRS groups that can be selected
for use, and the number of DMRS groups may be greater or
less than that in Table 17-1. The DMRS port grouping
information may be configured via a MAC CE rather than
RRC signaling in a similar manner. The terms used in Table
17-1 may be replaced by other terms, see Table 15, for
example.

Fifth Embodiment

[0224] The fifth embodiment is directed to a method for
signaling MU-pairing information as part of DMRS signal-
ing information and a related UE operation. In the fifth
embodiment, it is assumed that DMRS and data are multi-
plexed in the frequency domain. The data are transmitted on
the subcarriers carrying no DMRS in the frequency domain.
As described in the fourth embodiment, the DMRS patterns
for use in the NR system differs from the DMRS patterns for
use in the LTE system in that it is difficult to make a
distinction among the ports for MU-MIMO with only CDM
because the number of orthogonal DMRS ports for MU-
MIMO increases considerably.

[0225] Accordingly, the distinction among the ports for
MU-MIMO should be made with the application of CDM,
FDM, and TDM together. Unlike in LTE, it may be difficult
to support the MU-MIMO transparently in NR. If no MU-
pairing information is provided for MU-MIMO, it is difficult
to achieve rate matching. For example, if not all REs is
DMRS REs within a symbol in the DMRS patterns
described in the first embodiment, the gNB may use the
non-DMRS REs for data transmission to improve transmis-
sion efficiency. In the NR system in which the port distinc-
tion for MU-MIMO is difficult only with CDM, it is nec-
essary to indicate whether data are transmitted at non-
DMRS REs. It may be considered to signal the information
on the number of CDM groups from which the UE is capable
of obtaining the MU-pairing information without receiving
the MU-pairing information explicitly. The DMRS typel
consists of two CDM groups (one composed of the red-
colored ports and the other composed of the green-colored
ports in FIG. 4), and DMRS type2 consists of three CDM
groups (composed of red-colored, green-colored, and blue-
colored ports, respectively, in FIG. 5).

[0226] The method for signaling the information on the
number of CDM groups and the related UE operation are
described with reference to FIG. 9.

[0227] FIGS. 9A and 9B are flowcharts of a method for a
UE to receive information on a number of CDM groups and
operate based on the received information, according to an
embodiment. At step 100, the UE checks the information on
the DMRS configured by the gNB. The DMRS information
includes the information on the number of DMRS groups. At
step 110, the UE compares the number of CDM groups
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determined based on the DMRS port locations and the
number of CDM group configured by the gNB.

[0228] If the number of CDM groups determined by the
UE and the number of CDM groups configured by the gNB
are identical with each other, the UE assumes at step 120 that
the DMRS is transmitted only at the DMRS port locations.
At step i21, the UE determines whether the DMRS is
transmitted at all REs within the corresponding OFDM
symbol. If it is determined that the DMRS is transmitted at
all REs within the corresponding OFDM symbol, the UE
performs, at step 130, channel estimation based on the RS
transmitted at the DMRS port locations and QCL informa-
tion. Otherwise, if it is determined at step 121 that the DMRS
is not at all REs within the corresponding OFDM symbol,
the UE performs channel estimation, at step 140, based on
the RS transmitted at the DMRS port locations and QCL
information.

[0229] At step 141, the UE receives data at the non-DMRS
port locations. If it is determined at step 110 that the number
of CDM groups configured by the gNB is greater than the
number of CDM groups determined by the UE, the UE
checks the DMRS type information at step i50 (FIG. 9B). If
it is determined that the DMRS type information indicates
DMRS typel, the UE assumes at step 160 that no data is
transmitted at non-DMRS port locations.

[0230] At step 161, the UE performs channel estimation
based on the RS transmitted at the DMRS port locations and
QCL information. If it is determined at step iS50 that the
DMRS type information indicates DMRS type2, the UE
determines the number of CDM groups configured by the
gNB at step 170. If it is determined that the number of CDM
groups is 2, the UE assumes that RS and data are transmitted
at locations of the other CDM group which not transmit the
DMRS port at step i80.

[0231] At step i81, the UE performs channel estimation
based on the RS transmitted at the DMRS port locations and
QCL information, and receives, at step 182, data at the data
transmission locations.

[0232] If it is determined at step 170 that the number of
CDM groups is 3, the UE assumes at step 190 that no data
are transmitted at the non-DMRS port locations and per-
forms channel estimation at step i91 based on the RS
transmitted at the DMRS port locations and QCL informa-
tion.

[0233] As described above, the disclosed method makes it
possible to achieve rate matching for MU-MIMO when
DMRS and data are FDM-ed in a symbol carrying the
DMRS. The disclosed method also makes it possible to
support the MU-MIMO non-transparently through implicit
signaling. It may be possible to consider two methods for
use in signaling the CDM groups CDM-ed in the time-
frequency domain as follows:

[0234] Alt-1: independent signaling with 1 or 2 bits of
DCT,
[0235] DMRS Typel: Possible to configure two

DMRS port groups with 1 bit;

[0236] DMRS Type2: Possible to configure 3 DMRS
port groups with 2 bits;
[0237] Alt-2: signaling with reserved bits of DMRS
table; and

[0238] A separate signaling index for indicating that
data and DMRS and FDM-ed is added; remaining
signaling indices indicate that data and DMRS are
not FDM-ed.
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[0239] In the case of Alt-1, it is possible use a 1-bit
indicator for DMRS Typel to indicate whether the number
of CDM groups scheduled by the gNB is 1 or 2. As described
with reference to FIGS. 9A and 9B, if the total number of
CDM groups scheduled by the gNB is 1, the UE performs
channel estimation under the assumption that the RS is
transmitted at the signaled DMRS port locations. The UE
may also receive data at non-DMRS REs. When the number
of CDM groups scheduled by the gNB is 2, if the signaled
DMRS port locations are transmitted through two CDM
groups, the UE performs channel estimation under the
assumption that the RS is transmitted at the signaled DMRS
port locations.

[0240] Also, if the signaled DMRS port locations are
transmitted through one CDM group, the UE assumes that
the RS for another UE is transmitted in the other CDM
group. For the DMRS Type2, a 2-bit indicator is necessary
to indicate the number of CDM groups scheduled by the
gNB and the information on the CDM groups for data
reception, see Table 17-2 below.

[0241] In Table 17-2, the codepoint 00 indicates that the
number of CDM groups is 1 and, the UE may receive data
in the CDM group of ports other than the signaled DMRS
ports. In Table 17-2, the codepoint 11 indicates that the
number of CDM groups is 3 and, all REs are used for RS
transmission. Codepoints 01 and 10 indicate that the number
of CDM groups is 2, and the UE is aware of the location of
the CDM group for receiving data based on the information
on the CDM group of the signaled DMRS port locations.
When the UE is signaled, the DMRS port locations as
blue-colored in FIG. 5, if UE is capable of receiving data at
the CDM group of red-colored locations, it may be possible
to signal the code point 01. When the UE is signaled, the
DMRS port locations as blue-colored in FIG. 5, if the UE is
capable of receiving data at the CDM group of green-
colored locations, it may be possible to signal 10. In Table
17-2 it should be noted that other codepoints can be signaled
in the same manner. The color information given in Table
17-2 may be used in conjunction with reference to FIG. 5.

TABLE 17-2

DMRS port DMRS port DMRS port
configuration at configuration at configuration at

# CDM groups  blue locations  green locations  red locations
00 1 — — —
01 2 Red Red Green
10 3 Green Blue Blue
11 4 —
[0242] A method for PDSCH rate matching in a situation

where MU-MIMO scheduling is performed in one-symbol
or two-symbol DMRS patterns as shown in FIGS. 4 and 5
is provided. For example, when one UE is assigned DMRS
ports in a one-symbol DMRS pattern and another UE is
assigned DMRS ports in a two-symbol DMRS pattern, it is
impossible to perform PDSCH rate matching with the pro-
vided method. It should be noted that the 1-bit information
in use for DMRS Typel and the 2-bit information in use for
DMRS Type2 can be used for signaling other information.

[0243] The method of Alt-2 uses the reserved bits of the
DMRS table and is advantageous in terms of no extra
signaling overhead when the remaining reserved bits are
enough in number. For example, in may be possible to make
a signaling with the reserved bits in Tables 9 and 10 in the
third embodiment. In the following embodiment, an elabo-
rated example of Alt-2 is additionally provided (see Table
20-2 in the sixth embodiment below).
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Sixth Embodiment

[0244] Among the following methods for reducing num-
ber of layer & port number information signaling overhead,
the third embodiment is directed to Methods 1 and 2, while
the sixth embodiment is directed to Method 3.

[0245] Method 1: If a one symbol and two symbol
indicator is provided by higher layers, it may be pos-
sible to signal the number of layer & port number
information for the one-symbol case and the number of
layer & port number information for the two-symbol
case in Tables 9 and 10 separately.

[0246] Method 2: If number of layers>4, this is the case
of 2-CW transmission and thus it may be considered to
configure the number of layer & port number informa-
tion for 1-CW transmission (number of layers=4) into
two rows for signaling.

[0247] Method 3: It may also be possible to further
consider limiting port number assignment to specific
port numbers among the combinations of port assign-
ments configured according to the port number assign-
ment method (see third embodiment).

[0248] In the sixth embodiment, it is assumed that the port
mapping schemes illustrated in parts d20 and d60 of FIG. 4
for Typel DMRS pattern, and parts for the port mapping
schemes illustrated in parts €10 and €30 of FIG. 5 for Type2
DMRS pattern. It should be noted that the method provided
in this embodiment is applicable to when other port mapping
schemes are used for Typel and Type2 DMRS patterns.
[0249] As described in the first embodiment, although
FIGS. 4 and 5 illustrate that the DMRS port mapping is
performed in the order from the top to the bottom subcarrier,
it may also be possible to perform the DMRS port mapping
in the order from bottom to the top subcarrier. That is, parts
d20 and d60 of FIG. 4 may be expressed as parts j10 and j20
of FIG. 10A, respectively. Also, parts e10 and e30 of FIG.
5 may be expressed as parts j30 and j40 of FIG. 10A,
respectively. Parts d20 and d70 of FIG. 4 may be expressed
as parts j50 and j60 of FIG. 10B, respectively. Also, parts
el10 and €70 of FIG. 5 may be expressed as parts j70 and j80
of FIG. 10B, respectively.

[0250] As described above, FIGS. 10A and 10B illustrate
when the DMRS port mapping is performed in the opposite
direction of that illustrated in FIGS. 4 and 5, respectively, in
the frequency domain. It should be noted that the port
indices P1, P2, P3, . . . used in FIGS. 4 and 5 are expressed
as 0, 1, 2 . . . in FIGS. 10A and 10B. Table 18-1 shows
configurations of parameters in Table 4 for partj10 (one
symbol) and part j20 (two symbols) of FIG. 10A for Typel
DMRS pattern, as in the method provided in the first
embodiment. Table 18-2 shows configurations of parameters
in Table 4 for part j50 (one symbol) and part j60 (two
symbols) of FIG. 10B for Typel DMRS pattern.

TABLE 18-1
w(l)

wk') One symbol Two symbol
p A k=0k=1] [I'=0] ['=0rl=1]
0 0 [+1 +1] [+1] [+1 +1]
1 0 [+1 -1] [+1] [+1 +1]
2 1 [+1 +1] [+1] [+1 +1]
3 1 [+1 -1] [+1] [+1 +1]
4 0 [+1 +1] — [+1 -1]
5 0 [+1 -1] — [+1 -1]
6 1 [+1 +1] — [+1 -1]
7 1 [+1 -1] — [+1 -1]
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TABLE 18-2

A w(K) w, ()

One Two One symbol Two symbol One symbol Two symbol

P symbol symbol [K'=0k'=1] [K=0k'=1] [I'=0] [I'=01=1]
0 0 0 [+1 +1] [+1 +1] [+1] [+1 +1]
1 0 0 [+1-1] [+1 +1] [+1] [+1 -1]
2 1 0 [+1 +1] [+1 -1] [+1] [+1 +1]
3 1 0 [+1-1] [+1 -1] [+1] [+1 -1]
4 0  — [+1 +1] — [+1 +1]
5 0  — [+1 +1] — [+1 -1]
6 1  — [+1 -1] — [+1 +1]
7 1  — [+1 -1] — [+1 -1]
[0251] Table 18-3 shows configurations of parameters in TABLE 18-3-continued
Table 4 for part j30 (one symbol) and part j40 (two symbols)
of FIG. 10A for Type2 DMRS pattern. Also, Table 18-4 wl)
shows configurations of parameters in Table 4 for part j70
(one symbol) and part j80 (two symbols) of FIG. 10B for A One symbol Two symbol
Type2 DMRS pattern. P A f-ok-1 -0 r-or-u
3 2 [+1 -1] [+1] [+1 +1]
TABLE 18-3 4 4 [+1 +1] [+1] [+1 +1]
5 4 [+1 -1] [+1] [+1 +1]
w(l) 6 0 [+1 +1] — [+1 -1]
7 0 [+1 -1] — [+1 -1]
wAk) One symbol Two symbol g 5 [+1 +1] o [+1 -1]
P A k=0k=1] [I'=0] r=0r=1] 5 5 [+1 -1] _ [+1 -1]
0 0 [+1 +1] [+1] [+1 +1] 10 4 [+1 +1] — [+1 -1]
1 0 [+1 -1] [+1] [+1 +1] 11 4 [+1 -1] — [+1 -1]
2 2 [+1 +1] [+1] [+1 +1]
TABLE 18-4
we(k) w, (I
A One symbol Two symbol Two symbol
One Two [k'=0 k=0 One symbol [I'=0
P symbol  symbol k'=1] k'=1] [I'=0] I'=1]
0 0 0 [+1 +1] [+1 +1] [+1] [+1 +1]
1 0 0 [+1 -1] [+1 +1] [+1] [+1 -1]
2 2 0 [+1 +1] [+1 -1] [+1] [+1 +1]
3 2 0 [+1 -1] [+1 -1] [+1] [+1 -1]
4 4 2 [+1 +1] [+1 +1] [+1] [+1 +1]
5 4 2 [+1 -1] [+1 +1] [+1] [+1 -1]
6 0 2 — [+1 -1] — [+1 +1]
7 0 2 — [+1 -1] — [+1 -1]
8 2 4 — [+1 +1] — [+1 +1]
9 2 4 — [+1 +1] — [+1 -1]
10 4 4 — [+1 -1] — [+1 +1]
11 4 4 — [+1 -1] — [+1 -1]
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[0252] A description is made of the number of layer & port
number information signaling overhead reduction method
under the assumption that Typel and Type2 DMRS pattern
mappings are configured. It should be noted that the descrip-
tion is made based on the port mappings of Tables 18-1 and
18-3 unless otherwise stated. When the description is made
based on the port mappings of Tables 18-2 and 18-4. It
should be noted that the detailed signaling indication method
may be changed according to the port mapping scheme as
described above. However, the disclosed method may also
be applied in the same manner regardless of the port
mapping scheme. The number of layer & port number
information signaling may be performed in two distinctive
methods as follows:
[0253] Method 1: Support transmission of up to 4 layers
per user in MU-MIMO mode; and
[0254] Method 2: Support transmission of up to 2 layers
per UE in MU-MIMO mode.
[0255] In comparison with Method 2, Method 1 which
supports more transmission layers, i.e., up to 4, per user in
MU-MIMO mode than Method 2, makes it possible to
expect flexible MU-MIMO scheduling and performance
enhancement. However, if the number of per-user transmis-
sion layers allowed in the MU-MIMO mode increases, the
number of combination cases for co-scheduling to be con-
sidered for MU-MIMO transmission increases, resulting in
increase of signaling overhead. The Typel DMRS pattern
supports up to 8 orthogonal DMRS ports for MU-MIMO,
and Type2 DMRS pattern supports up to 12 orthogonal
DMRS ports for MU-MIMO. Accordingly, it may be advan-
tageous to apply the Typel DMRS pattern in Method 1 (see
Table 20 below) and the Type2 DMRS pattern in Method 2
(see Table 28 below). The disclosure encompasses all of the
cases of applying Method 1 and Method 2 for Typel and
Type 2 DMRS patterns.
[0256] A description is made of the method for signaling
the number of layer & port number information when
considering MU-MIMO transmission of up to 4 layers per
user for the Typel and Type2 DMRS patterns. The disclosed
method may be performed according to the following prin-
ciple.
[0257] Design Principle 1
[0258] For X=1 layer transmission, any orthogonal
DMRS port can be scheduled.
[0259] For 1<X=<K layer transmission:
[0260] For DMRS configuration typel with one sym-
bol, K=2;
[0261] X=2 layers can be CDM-ed or [FDM-ed];
[0262] For DMRS configuration typel with two sym-
bol, K=4;
[0263] X=2 layers can be CDM-ed or [FDM-ed];
[0264] X=3 layers can be CDM-ed;
[0265] X=4 layers can be CDM-ed;
[0266] For DMRS configuration type2 with one sym-
bol, K=3;
[0267] X=2 layers can be CDM-ed or [FDM-ed];
[0268] X=3 layers can be CDM-ed or [FDM-ed];
[0269] For DMRS configuration type2 with two sym-
bol, K=4;
[0270] X=2 layers can be CDM-ed or [FDM-ed];
[0271] X=3 layers can be CDM-ed or [FDM-ed];
[0272] X=4 layers can be CDM-ed;
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[0273] The combinations of CDM-ed or FDM-ed
DMRS ports can be limited in order to reduce DCI
overhead;

[0274] For X>K layer transmission;

[0275] X layers can be mapped to X DMRS ports in
a consecutive manner, and
[0276] EX., for X=5,DMRSport0,1,2,3,4,5are

used for transmission.
[0277] In design principle 1, [ ]| denotes that the corre-
sponding scheme may be applied or not. For example, it may
be considered to omit the FDM scheme because of its low
utilization or in order to reduce signaling overhead.
[0278] The Typel DMRS pattern may be represented by
Table 19 according to the above design principle.

TABLE 19
index # layers P # symbols  Note
1 1 0 1
2 1 1 1
3 1 2 1
4 1 3 1
5 2 0,1 1 CDM
6 2 23 1 CDM
7 2 0,2 1 FDM
8 2 1,3 1 FDM
9 3 0,1,2 1 CDM + FDM
10 4 0,1,2,3 1 CDM + FDM
11 1 0 2
12 1 1 2
13 1 2 2
14 1 3 2
15 1 4 2
16 1 5 2
17 1 6 2
18 1 7 2
19 2 0,1 2 CDM
20 2 23 2 CDM
21 2 4,5 2 CDM
22 2 6,7 2 CDM
23 2 0,2 2 FDM
24 2 1,3 2 FDM
25 3 0,1,4 2 CDM
26 3 23,6 2 CDM
27 4 0,1,4,5 2 CDM
28 4 2,3,6,7 2 CDM
29 5 0,1,2,34 2 CDM + FDM
30 6 0,1,2,3.4,5 2 CDM + FDM
31 7 0,1,2,3,4,5,6 2 CDM + FDM
32 8 0,1,2,3,4,5,6,7 2 CDM + FDM
[0279] The CDM and FDM are allowed for 2-layer trans-

mission in the one-symbol pattern as shown in Table 19. The
CDM is applied to make a distinction between ports 0 and
1 of the green-colored comb as shown in part j10 of FIG.
10A by applying CDM codes in the frequency domain as
shown in Table 17, and FDM is applied to make a distinction
between port 0 and port 2 by the green-colored comb and
red-colored comb in the frequency domain as shown in part
j10 of FIG. 10A.

[0280] When distinguishing between the ports by applying
FDM, although the number of combination cases is 4, other
combinations can be used in consideration of signaling
overhead. The FDM is used to achieve performance gain by
making a distinction between the ports in consideration of
the performance degradation when using the CDM for
distinction among the ports where there is a large channel
variation in the frequency domain, and particularly it can be
used for SU-MIMO transmission.
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[0281] Since it is difficult to assume that two TPs involved TABLE 19-1-continued
in 2-layer MU-MIMO transmission as shown in FIG. 11 are
QCL-ed, if assuming that CDM-ed groups are QCL-ed, it index  #layers  p # symbols ~ Note

may be possible to perform MU-MIMO scheduling in the

situation as shown in FIG. 11. Accordingly, indices 7 and 8 431 } § }
in Table 19 may be used in such a case. However, it may be 5 2 0,1 1 CDM
possible to omit index 9 from the Table 19, because of its 6 2 23 1 CDM
low utilization, when not counting the situation of FIG. 11. ; ; (1)§ i Egﬁ
If the FDM is not allowed, the index 7 may also be omitted 9 3 012 1 CDM + FDM
from Table 19. The same principle is applied for the case of 10 4 0:1:2,3 1 CDM + FDM
performing 2-layer transmission with a 2-symbol pattern; 11 1 0 2
only the CDM is allowed for 3-layer and 4-layer transmis- 12 1 1 2
sions and, even in this case, only some of all combinations ii i § ;
are included in consideration of signaling overhead. When 15 1 2 5
using the 2-layer transmission with a 2-symbol pattern, 16 1 5 5
FDM may not be supported in consideration of the low 17 1 6 2
utilization. One or both of indices 23 and 24 may be omitted 18 1 7 2
from Table 19. It should be noted that the same principle is 19 2 0.1 2 CDM
considered in the embodiment described below. When omit- i? ; ii ; ggﬁ
ting a part of indices according to a disclosed method, the 22 5 6:7 5 CDM
table may be generated to make it possible to signal the 23 5 04 5 FDM
information indicating 1-symbol pattern or 2-symbol pattern 24 2 1,5 2 FDM
as well as the number of layer & port number information, 25 3 0,1,2 2 CDM
dynamically, using 5 bits via DCI. Table 19-1 is derived 26 3 43,6 2 CDM
: 27 4 0,1,2,3 2 CDM
from Table 19 generated based on the port mappings of % 4 1567 5 DM
Tables 18-2 and 18-4. As described above, part or all of the 59 5 01234 5 CDM + FDM
indices 7, 8, 23, and 24 corresponding to one codeword may 30 6 0,1,2,34,5 2 CDM + FDM
be omitted from Table 19-1. Table 19-1 may be changed in 31 7 0,1,2,3,4,5,6 2 CDM + FDM
the same way as Table 19 in the embodiment below. 32 8 0,1,2,3,4,5,6,7 2 CDM + FDM
TABLE 19-1 .
[0282] If Method 2 for reducing the number of layer &
index  #layers  p # symbols  Note port number information signaling overhead is applied to
1 1 0 1 Table 19, Table 20 may be derived. Part or all of indices 7,
2 1 1 1 8, 23, and 24 may be omitted from Table 20 in consideration

of low utilization thereof.

TABLE 20
Two Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

# # # #
index layers P symbols index layers P symbols

1 1 0 1 1 5 0,1,2,3,4 2

2 1 1 1 2 6 0,1,2,3,4,5 2

3 1 2 1 3 7 0,1,2,3,4,5,6 2

4 1 3 1 4 8 0,1,2,3,4,56,7 2
5 2 0,1 1 5 reserved reserved reserved
6 2 2,3 1 6 reserved reserved reserved
7 2 0,2 1 7 reserved reserved reserved
8 2 1,3 1 8 reserved reserved reserved
9 3 0,1,2 1 9 reserved reserved reserved
10 4 0,1,2,3 1 10 reserved reserved reserved
11 1 0 2 11 reserved reserved reserved
12 1 1 2 12 reserved reserved reserved
13 1 2 2 13 reserved reserved reserved
14 1 3 2 14 reserved reserved reserved
15 1 4 2 15 reserved reserved reserved
16 1 5 2 16  reserved reserved reserved
17 1 6 2 17  reserved reserved reserved
18 1 7 2 18  reserved reserved reserved
19 2 0,1 2 19  reserved reserved reserved
20 2 2,3 2 20 reserved reserved reserved
21 2 4,5 2 21  reserved reserved reserved
22 2 6,7 2 22 reserved reserved reserved
23 2 0,2 2 23 reserved reserved reserved
24 2 1,3 2 24 reserved reserved reserved
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TABLE 20-continued

Feb. 28,2019

Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

Two Codewords:
Codeword 0 enabled,
Codeword 1 disabled

# # # #
index layers P symbols index layers P symbols
25 3 0,1,4 2 25  reserved reserved reserved
26 3 2,3,6 2 26 reserved reserved reserved
27 4 0,1,4,5 2 27  reserved reserved reserved
28 4 2,3,6,7 2 28  reserved reserved reserved
29 reserved reserved reserved 29  reserved reserved reserved
30 reserved reserved reserved 30  reserved reserved reserved
31 reserved reserved reserved 31  reserved reserved reserved
32 reserved reserved reserved 32  reserved reserved reserved
[0283] By omitting the indices 8, 23, and 24 correspond-
ing to one codeword from Table 20, Table 20-1 is derived.
TABLE 20-1
One Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
# # # #
index layers P symbols index layers P symbols
1 1 0 1 1 5 0,1,2,3,4 2
2 1 1 1 2 6 0,1,2,3,4,5 2
3 1 2 1 3 7 0,1,2,3,4,5,6 2
4 1 3 1 4 8 0,1,2,3,4,56,7 2
5 2 0,1 1 5  reserved reserved reserved
6 2 2,3 1 6  reserved reserved reserved
7 2 0,2 1 7 reserved reserved reserved
8 3 0,1,2 1 8  reserved reserved reserved
9 4 0,1,2,3 1 9  reserved reserved reserved
10 1 0 2 10 reserved reserved reserved
11 1 1 2 11 reserved reserved reserved
12 1 2 2 12 reserved reserved reserved
13 1 3 2 13 reserved reserved reserved
14 1 4 2 14 reserved reserved reserved
15 1 5 2 15 reserved reserved reserved
16 1 6 2 16 reserved reserved reserved
17 1 7 2 17 reserved reserved reserved
18 2 0,1 2 18  reserved reserved reserved
19 2 2,3 2 19 reserved reserved reserved
20 2 4,5 2 20 reserved reserved reserved
21 2 6,7 2 21 reserved reserved reserved
22 3 0,1,4 2 22 reserved reserved reserved
23 3 2,3,6 2 23 reserved reserved reserved
24 4 0,1,4,5 2 24 reserved reserved reserved
25 4 2,3,6,7 2 25  reserved reserved reserved
26 reserved reserved reserved 26  reserved reserved reserved
27 reserved reserved reserved 27  reserved reserved reserved
28 reserved reserved reserved 28  reserved reserved reserved
29 reserved reserved reserved 29  reserved reserved reserved
30 reserved reserved reserved 30  reserved reserved reserved
31 reserved reserved reserved 31  reserved reserved reserved
32 reserved reserved reserved 32  reserved reserved reserved

[0284] Table 20 is an example of the Alt2 method dis-
closed in the fifth embodiment. Alt2 is the method for
providing rate matching information with the reserved bits
for when data and DMRS FDM-ed in the frequency domain,
i.e. using the reserved bits of Table 20 for signaling that data
and DMRS are FDM-ed. Remaining signaling indices indi-
cate that data and DMRS are not FDM-ed. Table 20-2 shows
an example thereof. In Table 20-2, indices 26 to 31 are used
to indicate that data and DMRS are FDM-ed with the
reserved bits of Table 20, and if one of these indices is
signaled, the UE assumes that data are transmitted at the RE

locations other than the assigned port locations. If one of the
indices with the exception of 26 to 31 is received, the UE
assumes that no data is transmitted at the RE locations other
than the assigned port locations. It should be noted that the
Alt2 method described with reference to Table 20-2 can be
applied to all embodiments of the present disclosure. The
location of the index for the case where data and DMRS are
FDM-ed may be changed according to the signaling design
method, and it should be noted that the Alt2 of the fifth
embodiment can be applied to a table other than Table 20,
e.g., Table 20-2.
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TABLE 20-2
# # # #
index layers P symbols index layers P symbols
1 1 0 1 1 5 0,1,2,3,4 2
2 1 1 1 2 6 0,1,2,3,4,5 2
3 1 2 1 3 7 0,1,2,3,4,5,6 2
4 1 3 1 4 8 0,1,2,3,4,56,7 2
5 2 0,1 1 5  reserved reserved reserved
6 2 2,3 1 6  reserved reserved reserved
7 2 0,2 1 7 reserved reserved reserved
8 3 0,1,2 1 8  reserved reserved reserved
9 4 0,1,2,3 1 9  reserved reserved reserved
10 1 0 2 10 reserved reserved reserved
11 1 1 2 11 reserved reserved reserved
12 1 2 2 12 reserved reserved reserved
13 1 3 2 13 reserved reserved reserved
14 1 4 2 14 reserved reserved reserved
15 1 5 2 15 reserved reserved reserved
16 1 6 2 16 reserved reserved reserved
17 1 7 2 17 reserved reserved reserved
18 2 0,1 2 18  reserved reserved reserved
19 2 2,3 2 19 reserved reserved reserved
20 2 4,5 2 20 reserved reserved reserved
21 2 6,7 2 21 reserved reserved reserved
22 3 0,1,4 2 22 reserved reserved reserved
23 3 2,3,6 2 23 reserved reserved reserved
24 4 0,1,4,5 2 24 reserved reserved reserved
25 4 2,3,6,7 2 25  reserved reserved reserved
26 1 0 (FD. 1 26 reserved reserved reserved
with
data)
27 2 0,1 1 27  reserved reserved reserved
(FDM
with
data)
28 1 0 (FDM 2 28  reserved reserved reserved
with
data)
29 2 0,1 2 29  reserved reserved reserved
(FDM
with
data)
30 3 0,1,4 2 30 reserved reserved reserved
(FDM
with
data)
31 4 0,1,4,5 2 31  reserved reserved reserved
(FDM
with
data)
32 reserved reserved reserved 32  reserved reserved reserved
[0285] When signaling the DMRS port group information
as disclosed in Table 16 of the fourth embodiment using the
reserved bits of the 2 codewords, Table 20-3 is derived from
Table 20.
TABLE 20-3
One Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
# of # of # of #of
Index layers P symbol Index layers P symbol
1 1 0 1 1 5 0,1,2,3,4 2
2 1 1 1 2 6 0,1,2,3,4,5 2
3 1 2 1 3 7 0,1,2,3,4,56 2
4 1 3 1 4 8 0,1,2,3,4,5,6,7 2
5 2 0,1 1 5 2 Port grouping in 1
higher layer (NC-JT)
6 2 2,3 1 6 3 Port grouping in 1

higher layer (NC-JT)
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TABLE 20-3-continued

One Codewords:
Codeword 0 enabled,
Codeword 1 disabled

Two Codewords:

Codeword 0 enabled,
Codeword 1 enabled

# of # of # of #of
Index layers P symbol Index layers P symbol
7 2 0,2 1 7 4 Port grouping in 1
higher layer (NC-JT)
8 3 0,1,2 1 8 2 Port grouping in 2
higher layer (NC-JT)
9 4 0,1,2,3 1 9 3 Port grouping in 2
higher layer (NC-JT)
10 1 0 2 10 4 Port grouping in 2
higher layer (NC-JT)
11 1 1 2 11 5 Port grouping in 2
higher layer (NC-JT)
12 1 2 2 12 6 Port grouping in 2
higher layer (NC-JT)
13 1 3 2 13 7 Port grouping in 2
higher layer (NC-JT)
14 1 4 2 14 8 Port grouping in 2
higher layer (NC-JT)
15 1 5 2 15 reserved reserved reserved
16 1 6 2 16 reserved reserved reserved
17 1 7 2 17 reserved reserved reserved
18 2 0,1 2 18  reserved reserved reserved
19 2 2,3 2 19 reserved reserved reserved
20 2 4,5 2 20 reserved reserved reserved
21 2 6,7 2 21 reserved reserved reserved
22 3 0,1,4 2 22 reserved reserved reserved
23 3 2,3,6 2 23 reserved reserved reserved
24 4 0,1,4,5 2 24 reserved reserved reserved
25 4 2,3,6,7 2 25  reserved reserved reserved
26 reserved reserved reserved 26 reserved reserved reserved
27 reserved reserved reserved 27 reserved reserved reserved
28 reserved reserved reserved 28 reserved reserved reserved
29 reserved reserved reserved 29 reserved reserved reserved
30 reserved reserved reserved 30 reserved reserved reserved
31 reserved reserved reserved 31 reserved reserved reserved
32  reserved reserved reserved 32 reserved reserved reserved
[0286] When Table 20 is generated based on the port

mapping of Tables 18-2 and 18-4, Table 20-4 is derived
therefrom. As described above with reference to Table 20,
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part or all of indices 7, 8, 23, and 24 corresponding to one
codeword may be omitted in Table 20-4 in consideration of
low utilization.

TABLE 20-4
Two Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

# # # #
index layers P symbols index layers P symbols

1 1 0 1 1 5 0,1,2,3,4 2

2 1 1 1 2 6 0,1,2,3,4,5 2

3 1 2 1 3 7 0,1,2,3,4,5,6 2

4 1 3 1 4 8 0,1,2,3,4,56,7 2
5 2 0,1 1 5 reserved reserved reserved
6 2 2,3 1 6 reserved reserved reserved
7 2 0,2 1 7 reserved reserved reserved
8 2 1,3 1 8 reserved reserved reserved
9 3 0,1,2 1 9 reserved reserved reserved
10 4 0,1,2,3 1 10 reserved reserved reserved
11 1 0 2 11 reserved reserved reserved
12 1 1 2 12 reserved reserved reserved
13 1 2 2 13 reserved reserved reserved
14 1 3 2 14 reserved reserved reserved
15 1 4 2 15 reserved reserved reserved
16 1 5 2 16  reserved reserved reserved
17 1 6 2 17  reserved reserved reserved
18 1 7 2 18  reserved reserved reserved
19 2 0,1 2 19  reserved reserved reserved
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TABLE 20-4-continued
Two Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
# # # #
index layers P symbols index layers P symbols
20 2 2,3 2 20 reserved reserved reserved
21 2 4,5 2 21 reserved reserved reserved
22 2 6,7 2 22 reserved reserved reserved
23 2 0,4 2 23 reserved reserved reserved
24 2 1,5 2 24 reserved reserved reserved
25 3 0,1,2 2 25  reserved reserved reserved
26 3 4,5,6 2 26 reserved reserved reserved
27 4 0,1,2,3 2 27  reserved reserved reserved
28 4 4,5,6,7 2 28  reserved reserved reserved
29 reserved reserved reserved 29  reserved reserved reserved
30 reserved reserved reserved 30  reserved reserved reserved
31 reserved reserved reserved 31  reserved reserved reserved
32 reserved reserved reserved 32  reserved reserved reserved
[0287] When using the Type2 DMRS pattern according to TABLE 21-continued
the design principle 1 for reducing the number of layer &
port number information signaling overhead, it may be #
possible to apply Table 21. index # layers P symbols Note
43 4 0,1,6,7 2 CDM
TABLE 21 44 4 2,3,8,9 2 CDM
) 45 4 4,5, 10, 11 2 CDM
) 46 5 0,1,2,3, 4 2 CDM + FDM
index # layers P symbols Note
47 6 0,1,2,3,4,5 2 CDM + FDM
1 1 0 1 48 7 0,1,2,3,4,5,6 2 CDM + FDM
2 1 1 1 49 8 0,1,2,3,4,5,6,7 2 CDM + FDM
3 1 2 1 50 reserved reserved reserved
4 1 3 1 51 reserved reserved reserved
2 } 451 } 52 reserved reserved reserved
7 5 0,1 1 CDM 53 reserved reserved reserved
8 5 23 1 CDM 54 reserved reserved reserved
9 2 4,5 1 CDM 55 reserved reserved reserved
10 2 0,2 1 FDM 56 reserved reserved reserved
11 2 1,3 1 FDM 57 reserved reserved reserved
12 3 0,1,2 1 CDM + FDM 58 reserved reserved reserved
13 3 3,4,5 1 CDM + FDM
14 3 0,2, 4 1 FDM 59 reserved reserved reserved
15 3 1,3,5 1 FDM 60 reserved reserved reserved
16 4 0,1,2,3 1 CDM + FDM 61 reserved reserved reserved
17 5 0,1,2,3,4 1 CDM + FDM 62 reserved reserved reserved
18 6 0,1,2,3,4,5 1 CDM + FDM 63 reserved reserved reserved
19 ! 0 2 64 d d d
20 1 1 5 reserve reserve reserve
21 1 2 2
22 1 3 2
;i } ‘51 ; [0288] In Table 21, indices 46 to 49 may be changed as
5 1 6 5 shown in Table 21-1, thereby making it possible to transmit
26 1 7 2 RS only at the blue-colored and green-colored locations in
;; } g ; part j40 of FIG. 10A. It may be possible to transmit data at
29 1 10 5 the red-colored locations.
30 1 11 2
31 2 0,1 2 CDM TABLE 21-1
32 2 2,3 2 CDM
33 2 4,5 2 CDM 46 5 0,1,2,3,6 2
34 2 6,7 2 CDM 47 6 0,1,2,3,6,7 2
35 2 8,9 2 CDM 48 7 0,1,2,3,6,7,8 2
36 2 10, 11 2 CDM 49 8 0,1,2,3,6,7,8,9 2
37 2 0,2 2 FDM
38 2 1,3 2 FDM
33 ; g’ é g ; ggﬁ [0289] When using the port mappings of Tables 18-2 and
M 3 4510 5 CDM 18-4, it may be possible to derive Table 21-1 from Table 21.
42 3 7,9, 11 2 FDM Table 21-1 may be changed in the same way as Table 19 in
the embodiment described below.
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TABLE 21-2
#
index # layers P symbols Note
1 1 0 1
2 1 1 1
3 1 2 1
4 1 3 1
5 1 4 1
6 1 5 1
7 2 0,1 1 CDM
8 2 2,3 1 CDM
9 2 4,5 1 CDM
10 2 0,2 1 FDM
11 2 1,3 1 FDM
12 3 0,1,2 1 CDM + FDM
13 3 3,4,5 1 CDM + FDM
14 3 0,2,4 1 FDM
15 3 1,3,5 1 FDM
16 4 0,1,2,3 1 CDM + FDM
17 5 0,1,2,3,4 1 CDM + FDM
18 6 0,1,2,3,4,5 1 CDM + FDM
19 1 0 2
20 1 1 2
21 1 2 2
22 1 3 2
23 1 4 2
24 1 5 2
25 1 6 2
26 1 7 2
27 1 8 2
28 1 9 2
29 1 10 2
30 1 11 2
31 2 0,1 2 CDM
32 2 2,3 2 CDM
33 2 4,5 2 CDM
34 2 6,7 2 CDM
35 2 8,9 2 CDM
36 2 10, 11 2 CDM
37 2 0,4 2 FDM
38 2 1,5 2 FDM
39 3 0,1,2 2 CDM
40 3 4,56 2 CDM
41 3 8,9, 10 2 CDM
42 3 3,7, 11 2 FDM
43 4 0,1,2,3 2 CDM
44 4 4,5,6,7 2 CDM
45 4 8, 9,10, 11 2 CDM
46 5 0,1,2,3,4 2 CDM + FDM
47 6 0,1,2,3,4,5 2 CDM + FDM
48 7 0,1,2,3,4,56 2 CDM + FDM
49 8 0,1,2,3,4,56,7 2 CDM + FDM
50 reserved reserved reserved
51 reserved reserved reserved
52 reserved reserved reserved
53 reserved reserved reserved
54 reserved reserved reserved
55 reserved reserved reserved
56 reserved reserved reserved
57 reserved reserved reserved
58 reserved reserved reserved
59 reserved reserved reserved
60 reserved reserved reserved
61 reserved reserved reserved
62 reserved reserved reserved
63 reserved reserved reserved
64 reserved reserved reserved

[0290] Table 21 represents a signaling method when the
FDM scheme is used with 2-layer and 3-layer transmissions
with the 1-symbol patterns and 2-layer and 3-layer trans-
missions with the 2-symbol patterns according to design
principle 1, and part or all thereof may be omitted in
consideration of signaling overhead. For example, when
using 2-layer and 3-layer transmissions with the 1-symbol

25
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patterns and 2-layer and 3-layer transmissions with the
2-symbol patterns, if the FDM scheme is not allowed, the
signaling method may be represented by Table 22.

TABLE 22
#
index # layers P symbols Note
1 1 0 1
2 1 1 1
3 1 2 1
4 1 3 1
5 1 4 1
6 1 5 1
7 2 0,1 1 CDM
8 2 2,3 1 CDM
9 2 4,5 1 CDM
10 3 0,1,2 1 CDM + FDM
11 3 3,4,5 1 CDM + FDM
12 4 0,1,2,3 1 CDM + FDM
13 5 0,1,2,3,4 1 CDM + FDM
14 6 0,1,2,3,4,5 1 CDM + FDM
15 1 0 2
16 1 1 2
17 1 2 2
18 1 3 2
19 1 4 2
20 1 5 2
21 1 6 2
22 1 7 2
23 1 8 2
24 1 9 2
25 1 10 2
26 1 11 2
27 2 0,1 2 CDM
28 2 2,3 2 CDM
29 2 4,5 2 CDM
30 2 6,7 2 CDM
31 2 8,9 2 CDM
32 2 10, 11 2 CDM
33 3 0,1, 6 2 CDM
34 3 2,3,8 2 CDM
35 3 4,5,10 2 CDM
36 3 7,9, 11 2 FDM
37 4 0,1,6,7 2 CDM
38 4 2,3,8,9 2 CDM
39 4 4,5,10, 11 2 CDM
40 5 0,1,2,3,4 2 CDM + FDM
41 6 0,1,2,3,4,5 2 CDM + FDM
42 7 0,1,2,3,4,5,6 2 CDM + FDM
43 8 0,1,2,3,4,56,7 2 CDM + FDM
44 reserved reserved reserved
45 reserved reserved reserved
46 reserved reserved reserved
47 reserved reserved reserved
48 reserved reserved reserved
49 reserved reserved reserved
50 reserved reserved reserved
51 reserved reserved reserved
52 reserved reserved reserved
53 reserved reserved reserved
54 reserved reserved reserved
55 reserved reserved reserved
56 reserved reserved reserved
57 reserved reserved reserved
58 reserved reserved reserved
59 reserved reserved reserved
60 reserved reserved reserved
61 reserved reserved reserved
62 reserved reserved reserved
63 reserved reserved reserved
64 reserved reserved reserved

[0291] In Table 22, indices 40 to 44 may be changed as
shown in Table 22-1, thereby making it possible to transmit
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RS only at the blue-colored and green-colored locations in
part j40 of FIG. 10A. It may be possible to transmit data at
the red-colored locations.

TABLE 22-1
40 5 0,1,2,3,6 2
41 6 0,1,2,3,6,7 2
42 7 0,1,2,3,6,7,8 2
43 8 0,1,2,3,6,7,8,9 2
[0292] When the FDM scheme is not allowed for 3-layer

transmission with 2-symbol patterns in Table 22, it may be
possible to reduce code points by 1. Furthermore, by remov-
ing indices 11, 34, 35, and 39 from Table 22 and applying
Method 2 for reducing the number of layer & port number
information signaling, it may be possible to express with 5
bits as shown in Table 23. The index 30 corresponding to one
codeword in Table 23 is not used for MU-MIMO in com-
parison with the index 33 of Table 22, as it is configured with
CDM+FDM.

Feb. 28,2019

[0293] The indices 3 to 6 corresponding to two codewords
in Table 23 may be changed as shown in Table 23-1, thereby
making it possible to transmit RS only at the blue-colored
and green-colored locations in part j40 of FIG. 10A. It may
be possible to transmit data at the red-colored locations.

TABLE 23-1

0,1,2,3,6
0,1,2,3,6,7
0,1,2,3,6,7,8
0,1,2,3,6,7,8,9

(o IV R N %}
® = o W
LS S )

[0294] Next, a description is made of the method for
signaling the number of layer & port number information
when considering MU-MIMO transmission of up to 2 layers
per user for the Typel and Type2 DMRS patterns. The
method may be performed according to the following prin-
ciple.

TABLE 23
Two Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

# # # #
index layers P symbols index layers P symbols

1 1 0 1 1 5 0,1,2,3,4 1

2 1 1 1 2 6 0,1,2,3,4,5 1

3 1 2 1 3 5 0,1,2,3,4 2

4 1 3 1 4 6 0,1,2,3,4,5 2

5 1 4 1 5 7 0,1,2,3,4,5,6 2

6 1 5 1 6 8 0,1,2,3,4,56,7 2
7 2 0,1 1 7 reserved reserved reserved
8 2 2,3 1 8  reserved reserved reserved
9 2 4,5 1 9  reserved reserved reserved
10 3 0,1,2 1 10 reserved reserved reserved
11 4 0,1,2,3 1 11 reserved reserved reserved
12 1 0 2 12 reserved reserved reserved
13 1 1 2 13 reserved reserved reserved
14 1 2 2 14 reserved reserved reserved
15 1 3 2 15 reserved reserved reserved
16 1 4 2 16 reserved reserved reserved
17 1 5 2 17 reserved reserved reserved
18 1 6 2 18  reserved reserved reserved
19 1 7 2 19 reserved reserved reserved
20 1 8 2 20 reserved reserved reserved
21 1 9 2 21 reserved reserved reserved
22 1 10 2 22 reserved reserved reserved
23 1 11 2 23 reserved reserved reserved
24 2 0,1 2 24 reserved reserved reserved
25 2 2,3 2 25  reserved reserved reserved
26 2 4,5 2 26 reserved reserved reserved
27 2 6,7 2 27  reserved reserved reserved
28 2 8,9 2 28  reserved reserved reserved
29 2 10, 11 2 29  reserved reserved reserved
30 3 0,1,2 2 30 reserved reserved reserved
31 4 0,1,6,7 2 31  reserved reserved reserved
32 4 2,3,8,9 2 32 reserved reserved reserved
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[0295] Design Principle 2 [0311] For the same reason described with reference to

[0296] For X=1 layer transmission, any orthogonal Table 19, part or all of the indices 7, 8, 23, and 24 may be
DMRS port can be scheduled.

[02[3;]98]Folr:ji;zh}[ggrczﬁg;ﬁ?:;;oﬁ;ype 1 with one sym- Table 24 is generated based on the port mappings of Tables

bol; 18-2 and 18-4, Table 24-1 is derived therefrom. Part or all
[0299] X=2 layers can be CDM-ed or [FDM-ed]; of the indices 7, 8, 23, and 24 may be omitted in Table 24-1

omitted in Table 24 in consideration of low utilization. When

[0300] For DMRS configuration typel with two sym- in consideration of low utilization. Table 24-1 may be

bol; changed in the same way as Table 24 in the embodiment
[0301] X=2 layers can be CDM-ed or [FDM-ed];

[0302] For DMRS configuration type2 with one sym-
bol;

described below.

TABLE 24-1
[0303] X=2 layers can be CDM-ed or [FDM-ed];
[0304] For DMRS configuration type2 with two sym-
bol; #
[0305] X=2 layers can be CDM-ed or [FDM-ed]; index  #layers  p symbols Note
[0306] The combinations of CDM-ed or FDM-ed
DMRS ports can be limited in order to reduce DCI 1 1 0 1
overhead; 2 1 1 1
[0307] For X>2 layer transmission; 3 1 2 1
[0308] X layers can be mapped to X DMRS ports in 4 1 5 1
a consecutive manner; and
5 2 0,1 1 CDM
[0309] EX., for X=5,DMRS port 0,1, 2,3, 4, 5 are
used for transmission. 6 2 23 ! oM
[0310] In the design principle 2, [ ]| denotes that the 7 2 0,2 1 FDM
corresponding scheme may be applied or not. For example, 8 2 1,3 1 FDM
it may be considered to omit the FDM scheme because of its 9 3 0,1,2 1 CDM + FDM
low utilization or in order to reduce signaling overhead. The 10 4 0.1,2.3 1 CDM + FDM
Typel DMRS pattern may be represented by Table 24 " . o 5
according to the above design principle.
12 1 1 2
TABLE 24 13 1 2 2
14 1 3 2
#
index # layers P symbols Note 15 1 4 2
) ) 5 ) 16 1 5 2
2 1 1 1 17 1 6 2
3 1 2 1
A ) 3 ) 18 1 7 2
5 2 0,1 1 CDM 19 2 0,1 2 CDM
6 2 2,3 1 CDM
; 5 02 . FDM 20 2 2,3 2 CDM
8 2 1,3 1 FDM 21 2 4,5 2 CDM
9 3 0,1,2 1 CDM + FDM
10 4 0,1,2,3 1 CDM + FDM 22 2 6.7 2 DM
11 1 0 2 23 2 0,4 2 FDM
12 1 1 2
5 ) ) 5 24 2 1,5 2 FDM
14 1 3 2 25 3 0,1,4 2 CDM + FDM
15 1 4 2
I ) ] 5 26 4 0,1,4,5 2 CDM + FDM
17 1 6 2 27 5 0,1,2,3,4 2 CDM + FDM
18 1 7 2
1 ) 01 5 DM 28 6 0,1,2,3,4,5 2 CDM + FDM
20 2 2,3 2 CDM 29 7 0,1,2,3,4,5,6 2 CDM + FDM
21 2 4,5 2 CDM
» 5 67 5 DM 30 8 0,1,2,3,4,5,6,7 2 CDM + FDM
23 2 0,2 2 FDM 31 reserved reserved reserved
24 2 1,3 2 FDM 32 reserved reserved reserved
25 3 0,1,2 2 CDM + FDM
26 4 0,1,2,3 2 CDM + FDM
27 5 0,1,2,3,4 2 CDM + FDM
28 6 0,1,2,3,4,5 2 CDM + FDM . .
29 7 0153456 5 CDM + FDM [0312] When applying Method 2 for reducing the number
30 8 0,1,2,3,4,5,6,7 2 CDM + FDM of layer & port number information signaling overhead, it
31 reserved reserved reserved i )
32 reserved  reserved reserved may be possible to derive Table 25 from Table 24. Part or all

of the indices 7, 8, 23, and 24 corresponding to one
codeword may be omitted in Table 25.
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TABLE 25
Two Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
# # # #
index layers P symbols index layers P symbols
1 1 0 1 1 5 0,1,2,3, 4 2
2 1 1 1 2 6 0,1,2,3,4,5 2
3 1 2 1 3 7 0,1,2,3,4,5,6 2
4 1 3 1 4 8  0,1,2,3,4,56,7 2
5 2 0,1 1 5  reserved reserved reserved
6 2 2,3 1 6  reserved reserved reserved
7 2 0,2 1 7 reserved reserved reserved
8 2 1,3 1 8  reserved reserved reserved
9 3 0,1,2 1 9  reserved reserved reserved
10 4 0,1,2,3 1 10 reserved reserved reserved
11 1 0 2 11 reserved reserved reserved
12 1 1 2 12 reserved reserved reserved
13 1 2 2 13 reserved reserved reserved
14 1 3 2 14 reserved reserved reserved
15 1 4 2 15 reserved reserved reserved
16 1 5 2 16 reserved reserved reserved
17 1 6 2 17 reserved reserved reserved
18 1 7 2 18  reserved reserved reserved
19 2 0,1 2 19 reserved reserved reserved
20 2 2,3 2 20 reserved reserved reserved
21 2 4,5 2 21 reserved reserved reserved
22 2 6,7 2 22 reserved reserved reserved
23 2 0,2 2 23 reserved reserved reserved
24 2 1,3 2 24 reserved reserved reserved
25 3 0,1,2 2 25  reserved reserved reserved
26 4 0,1,2,3 2 26 reserved reserved reserved
27 reserved reserved reserved 27  reserved reserved reserved
28 reserved reserved reserved 28  reserved reserved reserved
29 reserved reserved reserved 29  reserved reserved reserved
30 reserved reserved reserved 30  reserved reserved reserved
31 reserved reserved reserved 31  reserved reserved reserved
32 reserved reserved reserved 32  reserved reserved reserved
[0313] The Type2 DMRS pattern designed according to TABLE 26-continued
the design principle 2 may be represented by Table 26.
#
TABLE 26 index # layers P symbols Note
27 1 11 2
# 28 2 0,1 2 CDM
index # layers P symbols Note 29 2 2,3 2 CDM
30 2 4,5 2 CDM
1 1 0 1 31 2 6,7 2 CDM
2 1 1 1 32 2 8,9 2 CDM
3 1 2 1 33 2 10, 11 2 CDM
4 1 3 1 34 2 0,2 2 FDM
5 1 4 1 35 2 1,3 2 FDM
6 1 5 1 36 3 0,1,2 2 CDM + FDM
7 2 0,1 1 CDM 37 4 0,1,2,3 2 CDM + FDM
8 2 2,3 1 CDM 38 5 0,1,2,3,4 2 CDM + FDM
9 2 4,5 1 CDM 39 6 0,1,2,3,4,5 2 CDM + FDM
10 2 0,2 1 FDM 40 7 0,1,2,3,4,5,6 2 CDM + FDM
11 2 1,3 1 FDM 41 8 0,1,2,3,4,5,6,7 2 CDM + FDM
12 3 0,1,2 1 CDM + FDM 42 reserved reserved reserved
13 4 0,1,2,3 1 CDM + FDM 43 reserved reserved reserved
1451 2 8’ }’ ;’ ;’ i 5 } ggﬁ : ?gﬁ 44 reserved reserved reserved
16 1 0’ T > 45 reserved  reserved reserved
17 1 1 5 46 reserved reserved reserved
18 1 5 5 47 reserved reserved reserved
19 1 3 2 48 reserved reserved reserved
20 1 4 2 49 reserved reserved reserved
21 1 5 2 50 reserved reserved reserved
22 1 6 2 51 reserved reserved reserved
23 1 7 2 52 reserved reserved reserved
24 1 8 2 53 reserved reserved reserved
25 1 9 2 54 reserved reserved reserved
26 1 10 2 55 reserved reserved reserved
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TABLE 26-2-continued

# #
index # layers P symbols Note index # layers P symbols Note

56 reserved reserved reserved 37 8 0,1,2,3,4,5,6,7 2 CDM + FDM
57 reserved reserved reserved 38 reserved reserved reserved
58 reserved reserved reserved 39 reserved reserved reserved
59 reserved reserved reserved 40 reserved reserved reserved
60 reserved reserved reserved 41 reserved reserved reserved
61 reserved reserved reserved 42 reserved reserved reserved
62 reserved reserved reserved 43 reserved reserved reserved
63 reserved reserved reserved 44 reserved reserved reserved
64 reserved reserved reserved 45 reserved reserved reserved
46 reserved reserved reserved
47 reserved reserved reserved
[0314] In Table 26, the indices 38 to 41 may be changed 48 reserved  reserved reserved
as shown in Table 26-1. This aims to make it possible to ol reserved - reserved reserved
. 50 reserved reserved reserved
transmit RS only at the blue-colored and green-colored 51 reserved  reserved reserved
locations in part j40 of FIG. 10A. It may be possible to 52 reserved  reserved reserved
transmit data at the red-colored locations. 53 reserved  reserved reserved
54 reserved reserved reserved
55 reserved reserved reserved
TABLE 26-1 56 reserved reserved reserved
57 reserved reserved reserved
38 5 0,1,2,3,6 2 58 reserved reserved reserved
39 6 0,1,2,3,6,7 2 59 reserved reserved reserved
40 7 0,1,2,3,6,7,8 2 60 reserved reserved reserved
41 8 0,1,2,3,6,7,8,9 2 61 reserved reserved reserved
62 reserved reserved reserved
63 reserved reserved reserved
[0315] Table 26-1 is derived from Table 26 generated 64 reserved  reserved reserved

based on the port mappings of Tables 18-2 and 18-4. Table
26-2 may be changed in the same way as Table 26 in the

embodiment described below.

TABLE 26-2
#
index # layers P symbols Note
1 1 0 1
2 1 1 1
3 1 2 1
4 1 3 1
5 1 4 1
6 1 5 1
7 2 0,1 1 CDM
8 2 2,3 1 CDM
9 2 4,5 1 CDM
10 3 0,1,2 1 CDM + FDM
11 4 0,1,2,3 1 CDM + FDM
12 5 0,1,2,3,4 1 CDM + FDM
13 6 0,1,2,3,4,5 1 CDM + FDM
14 1 0 2
15 1 1 2
16 1 2 2
17 1 3 2
18 1 4 2
19 1 5 2
20 1 6 2
21 1 7 2
22 1 8 2
23 1 9 2
24 1 10 2
25 1 11 2
26 2 0,1 2 CDM
27 2 2,3 2 CDM
28 2 4,5 2 CDM
29 2 6,7 2 CDM
30 2 8,9 2 CDM
31 2 10, 11 2 CDM
32 3 0,1,4 2 CDM + FDM
33 4 0,1,4,5 2 CDM + FDM
34 5 0,1,2,3,4 2 CDM + FDM
35 6 0,1,2,3,4,5 2 CDM + FDM
36 7 0,1,2,3,4,5,6 2 CDM + FDM

[0316] Table 26 represents a signaling method when the
FDM scheme is allowed i when using 2-layer transmission
with the 1-symbol patterns and 2-layer transmission with the
2-symbol patterns according to the design principle 2, and
part or all thereof may be omitted in consideration of
signaling overhead. For example, if all of them are not
allowed, the method may be represented by Table 27.

TABLE 27
#
index # layers P symbols Note
1 1 0 1
2 1 1 1
3 1 2 1
4 1 3 1
5 1 4 1
6 1 5 1
7 2 0,1 1 CDM
8 2 2,3 1 CDM
9 2 4,5 1 CDM
10 3 0,1,2 1 CDM + FDM
11 4 0,1,2,3 1 CDM + FDM
12 5 0,1,2,3,4 1 CDM + FDM
13 6 0,1,2,3,4,5 1 CDM + FDM
14 1 0 2
15 1 1 2
16 1 2 2
17 1 3 2
18 1 4 2
19 1 5 2
20 1 6 2
21 1 7 2
22 1 8 2
23 1 9 2
24 1 10 2
25 1 11 2
26 2 0,1 2 CDM
27 2 2,3 2 CDM
28 2 4,5 2 CDM
29 2 6,7 2 CDM
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TABLE 27-continued TABLE 27-continued
# #
index # layers P symbols Note index # layers P symbols Note
30 2 8,9 2 CDM 60 reserved reserved reserved
31 2 10, 11 2 CDM 61 reserved reserved reserved
32 3 0,1,2 2 CDM + FDM 62 reserved reserved reserved
33 4 0,1,2,3 2 CDM + FDM 63 reserved reserved reserved
34 5 0,1,2,3,4 2 CDM + FDM 64 reserved reserved reserved
35 6 0,1,2,3,4,5 2 CDM + FDM
36 7 0,1,2,3,4,5,6 2 CDM + FDM
37 8 0,1,2,3,4,5,6,7 2 CDM + FDM [0317] In Table 27, the indices 34 to 37 may be changed
38 reserved - reserved reserved as shown in Table 27-1, thereby, making it possible to
39 reserved reserved reserved .
20 resorved  reserved reserved transmit RS only at the blue-colored and green-colored
41 reserved  reserved reserved locations in part j40 of FIG. 10A. It may be possible to
42 reserved  reserved reserved transmit data at the red-colored locations.
43 reserved reserved reserved
44 reserved reserved reserved
45 reserved reserved reserved TABLE 27-1
46 reserved reserved reserved
47 reserved reserved reserved 34 5 0,1,2,3,6 2
48 reserved reserved reserved 35 6 0,1,2,3,6,7 2
49 reserved reserved reserved 36 7 0,1,2,3,6,7,8 2
50 reserved reserved reserved 37 8 0,1,2,3,6,7,8,9 2
51 reserved reserved reserved
§§ iZ:ZﬁZi iZ:ZﬁZi iZ:ZﬁZi [0318] When applying Method 2 for reducing the number
54 reserved  reserved reserved of layer & port number information signaling overhead, it
55 reserved  reserved reserved may be possible to derive Table 28 from Table 27, thereby
36 reserved - reserved reserved making it possible to signal the information indicating
57 reserved reserved reserved
58 reserved  reserved reserved 1-symbol pattern or 2-symbol pattern as well as the number
59 reserved  reserved reserved of layer & port number information, dynamically, using 5
bits via DCI.
TABLE 28
Two Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
# # # #
index layers P symbols index layers P symbols
1 1 0 1 1 5 0,1,2,3,4 1
2 1 1 1 2 6 0,1,2,3,4,5 1
3 1 2 1 3 5 0,1,2,3,4 2
4 1 3 1 4 6 0,1,2,3,4,5 2
5 1 4 1 5 7 0,1,2,3,4,5,6 2
6 1 5 1 6 8 0,1,2,3,4,5,6,7 2
7 2 0,1 1 7 reserved reserved reserved
8 2 2,3 1 8 reserved reserved reserved
9 2 4,5 1 9  reserved reserved reserved
10 3 0,1,2 1 10 reserved reserved reserved
11 4 0,1,2,3 1 11 reserved reserved reserved
12 1 0 2 12 reserved reserved reserved
13 1 1 2 13 reserved reserved reserved
14 1 2 2 14 reserved reserved reserved
15 1 3 2 15 reserved reserved reserved
16 1 4 2 16  reserved reserved reserved
17 1 5 2 17  reserved reserved reserved
18 1 6 2 18  reserved reserved reserved
19 1 7 2 19 reserved reserved reserved
20 1 8 2 20 reserved reserved reserved
21 1 9 2 21 reserved reserved reserved
22 1 10 2 22 reserved reserved reserved
23 1 11 2 23 reserved reserved reserved
24 2 0,1 2 24 reserved reserved reserved
25 2 2,3 2 25 reserved reserved reserved
26 2 4,5 2 26  reserved reserved reserved
27 2 6,7 2 27  reserved reserved reserved
28 2 8,9 2 28 reserved reserved reserved
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TABLE 28-continued
Two Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
# # # #
index layers P symbols index layers P symbols
29 2 10, 11 2 29  reserved reserved reserved
30 3 0,1,2 2 30 reserved reserved reserved
31 4 0,1,2,3 2 31  reserved reserved reserved
32 reserved reserved reserved 32  reserved reserved reserved
[0319] InTable 28, the indices 3 to 6 corresponding to two TABLE 28-1-continued
codewords may be changed as shown in Table 28-1, thereby
making it possible to transmit RS only at the blue-colored 6 8 0,1,2,3, 2
and green-colored locations in part j40 of FIG. 10A. It may 67,89
be possible to transmit data at the red-colored locations.
TABLE 28-1 [0320] It should be noted that even a table generated based
on the port mappings of Tables 18-2 and 18-4 is expressed
3 5 0,1,2,3,6 2 in the same way as Table 28. When signaling the DMRS port
4 6 0,1,2,3,6,7 2 . . . .
5 7 0123, 5 group information with the reserved bits for two codewords
6,7,8 as shown in Table 16 of the fourth embodiment, it may be

possible to derive Table 28-2 from Table 28.

TABLE 28-2
One Codewords: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
# of # of # of # of
Index layers P symbol Index layers P symbol
1 1 0 1 1 5 0,1,2,3,4 1
2 1 1 1 2 6 0,1,2,3,4,5 1
3 1 2 1 3 5 0,1,2,3,4 2
4 1 3 1 4 6 0,1,2,3,4,5 2
5 1 4 1 5 7 0,1,2,3,4,5,6 2
6 1 5 1 6 8 0,1,2,3,4,5,6,7 2
7 2 0,1 1 7 2 Port grouping in 1
higher layer (NC-
IT)
8 2 2,3 1 8 3 Port grouping in 1
higher layer (NC-
IT)
9 2 4,5 1 9 4 Port grouping in 1
higher layer (NC-
IT)
10 3 0,1,2 1 10 2 Port grouping in 2
higher layer (NC-
IT)
11 4 0,1,2,3 1 11 3 Port grouping in 2
higher layer (NC-
IT)
12 1 0 2 12 4 Port grouping in 2
higher layer (NC-
IT)
13 1 1 2 13 5 Port grouping in 2
higher layer (NC-
IT)
14 1 2 2 14 6 Port grouping in 2
higher layer (NC-
IT)
15 1 3 2 15 7 Port grouping in 2
higher layer (NC-
IT)
16 1 4 2 16 8 Port grouping in 2
higher layer (NC-
IT)
17 1 5 2 17 reserved reserved reserved
18 1 6 2 18  reserved reserved reserved
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Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

One Codewords:
Codeword 0 enabled,
Codeword 1 disabled

# of # of # of # of
Index layers P symbol Index layers P symbol
19 1 7 2 19 reserved reserved reserved
20 1 8 2 20 reserved reserved reserved
21 1 9 2 21 reserved reserved reserved
22 1 10 2 22 reserved reserved reserved
23 1 11 2 23 reserved reserved reserved
24 2 0,1 2 24 reserved reserved reserved
25 2 2,3 2 25  reserved reserved reserved
26 2 4,5 2 26 reserved reserved reserved
27 2 6,7 2 27  reserved reserved reserved
28 2 8,9 2 28  reserved reserved reserved
29 2 10, 11 2 29  reserved reserved reserved
30 3 0,1,2 2 30 reserved reserved reserved
31 4 0,1,2,3 2 31  reserved reserved reserved
32 reserved reserved reserved 32  reserved reserved reserved
[0321] When applying Method 3 to all examples in the [0333] Method 1 includes signaling the co-scheduled

sixth embodiment, it is possible to reduce extra signaling
overhead because the one symbol and two symbol indicator
is provided by higher layers, see the third embodiment for a
more detailed description.

Seventh Embodiment

[0322] In the previous embodiments, various table design
methods have been disclosed for signaling the information
on the DMRS ports assigned for the target user and, par-
ticularly in the fifth embodiment, descriptions are made of
the co-scheduled port information signaling methods. The
two methods considered in the fifth embodiments are as
follows:

[0323] Alt-1: independent signaling with 1 or 2 bits of
DCT,
[0324] DMRS Typel: Possible to configure two

DMRS port groups with 1 bit;
[0325] DMRS Type2: Possible to configure 3 DMRS
port groups with 2 bits;

[0326] Alt-2: signaling with reserved bits of DMRS
table; and
[0327] A separate signaling index for indicating that

data and DMRS and FDM-ed is added; in this case,
remaining signaling indices indicate that data and
DMRS are not FDM-ed.
[0328] The seventh embodiment is directed to a method
for designing a table containing the DMRS port information
of a user co-scheduled with the target user in consideration
of the MU-MIMO operation in association with Alt-2 and
signaling the corresponding information with this table. As
described above in the fifth embodiment, the reason for
signaling the MU-pairing information is to provide the
PDSCH rate matching information.
[0329] Various DMRS table designs are disclosed for
facilitating the following methods:

[0330] Method for expressing DMRS port information
of a user co-scheduled with a target user in one DMRS
table;

[0331] Method 1: Include only co-scheduled DMRS
CDM group information; and

[0332] Method 2: Include co-scheduled DMRS port
information.

DMRS CDM group information along with the scheduled
DMRS port information of the target user without accurate
DMRS port information. As described above in the fifth
embodiment, the DMRS CDM group information is config-
ured with two CDM groups (one composed of the red-
colored ports and the other composed of green-colored ports
in FIG. 4) for DMRS typel and three CDM groups (com-
posed of red-colored/green-colored/blue-colored ports,
respectively, in FIG. 5) for DMRS type2. A description is
made hereinafter of the DMRS CDM grouping method with
the Method 1 when using the DMRS port indexing methods
of FIGS. 10A, 10B, and 10C. The DMRS port indexing
method for the DMRS typel one symbol DMRS pattern has
been already determined with the port indices as shown in
part j10 of FIG. 10A, part j50 of FIG. 10B, and part j90 of
FIG. 10C. Accordingly, the DMRS CDM group may be
configured as follows:
[0334] DMRS typel one symbol DMRS pattern:
[0335] CDM group0={0,1}; and
[0336] CDM groupl={2,3}.

[0337] The DMRS port indexing method for DMRS type2
one symbol DMRS pattern has been already determined as
shown in part j30 of FIG. 10A, part j70 of FIG. 10B, and part
j110 of FIG. 10C. Accordingly, the DMRS CDM group may
be configured as follows:

[0338] DMRS type2 one symbol DMRS pattern;
[0339] CDM group0={0,1};
[0340] CDM group1={2,3}; and
[0341] CDM group2={4,5}.

[0342] However, any DMRS port indexing method has not
determined yet for the two symbol DMRS pattern. Accord-
ingly, it may be possible to determine the DMRS port
indexing method for DMRS typel two symbol DMRS
pattern as follows according to the DMRS port indexing
methods of FIGS. 10A, 10B, and 10C:

[0343] DMRS typel two symbol DMRS pattern (based

on part j20 of FIG. 10A);

[0344] CDM group0={0, 1, 4, 5};
[0345] CDM groupl={2, 3, 6, 7};
[0346] DMRS typel two symbol DMRS pattern (based

on part j60) of FIG. 10B);
[0347] CDM group0={0, 1, 2,
[0348] CDM groupl={4, 5, 6,

El

3}
7}

Ex.1006
APPLE INC. / Page 54 of 72



US 2019/0068308 Al

[0349] DMRS typel two symbol DMRS pattern (based
on part j100 of FIG. 10C);

[0350] CDM group0={0, 1, 4, 6}; and
[0351] CDM groupl={2, 3, 5, 7}.
[0352] It may be possible to determine the DMRS port

indexing method for DMRS type2 two symbol DMRS
pattern as follows according to the DMRS port indexing
methods of FIGS. 10A, 10B, and 10C:
[0353] DMRS type2 two symbol DMRS pattern (based
on part j40 of FIG. 10A);

[0354] CDM group0={0, 1, 6, 7};
[0355] a CDM groupl={2, 3, 8, 9};
[0356] CDM group2={4, 5, 10, 11};
[0357] DMRS type2 two symbol DMRS pattern (based

on part j80 of FIG. 10B);

[0358] CDM group0={0, 1, 2, 3};
[0359] CDM groupl={4, 5, 6, 7};
[0360] CDM group2={8, 9, 10, 11};
[0361] DMRS type2 two symbol DMRS pattern (based

on part j120 of FIG. 10C);

[0362] CDM group0={0, 1, 6, 9};
[0363] CDM groupl={2, 3, 7, 10}; and
[0364] CDM group2={4, 5, 8, 11}.
[0365] Method 2 includes signaling the co-scheduled

DMRS port information accurately along with the scheduled
DMRS port information of the target user. A description is
made of the method for indicating the DMRS port informa-
tion of the user co-scheduled with the target user in one
DMRS table Method 1 and Method 2 hereinafter.

[0366] The method for designing a DMRS table contain-
ing the DMRS port information of the target user and the
DMRS port information of a user co-scheduled with the
target user is described per DMRS type, i.e., DMRS typel
and DMRS type2, and per DMRS pattern, i.e., one-symbol
DMRS pattern and two-symbol DMRS pattern. The differ-
ence between the DMRS typel and DMRS type2 has been
described in detail in the previous embodiments (see FIGS.
4, 5, and 10, for example). The DMRS typel and DMRS
type2 are configured by higher layers under the name of
DL-DMRS-config-type for downlink in the RRC, which
may be set to 1 for DMRS Typel and 2 for DMRS Type2.
For uplink, the DMRS typel and DMRS type2 are config-
ured under the name of UL-DMRS-config-type in the RRC,
which is set to 1 for DMRS Typel and 2 for DMRS Type2.
The difference between the one-symbol DMRS pattern and
the two-symbol has been described in detail in the previous
embodiments (see FIGS. 4, 5, and 10, for example). The
maximum length of a symbol may be configured by higher
layers. The maximum symbol length is configured under the
name of DL-DMRS-max-len for downlink in the RRC,
which is set to 1 or 2. The DL-DMRS-max-len is set to 1 for
one symbol DMRS pattern and, if it is set to 2, whether the
DMRS pattern is a one-symbol pattern or a two-symbol
pattern is actually indicated via DCI.

[0367] For uplink, the maximum symbol length is config-
ured under the name of UL-DMRS-max-len in RRC, which
is set to 1 or 2. The UL-DMRS-max-len is set to 1 for
one-symbol DMRS pattern and, if it is set to 2, whether the
DMRS pattern is a one-symbol DMRS pattern or a two-
symbol DMRS is actually indicated via DCI.

[0368] Since the DMRS port indexing method for two-
symbol DMRS patterns has not yet been determined,
although the DMRS port indexing method for one-symbol
DMRS patterns has already determined, a description is
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made of the method for designing the DMRS table in
accordance with the DMRS port indexing method of the
two-symbol DMRS pattern with reference to FIGS. 10A,
10B, and 10C. The DMRS table design principle of the
seventh embodiment is applicable to all DMRS port index-
ing methods. For example, the DMRS table design principle
based on the DMRS port indexing methods of FIGS. 10A,
10B, and 10C may be extended to other DMRS port index-
ing methods. The DMRS table design method described in
the seventh embodiment may be summarized as follows. It
should be noted that the methods summarized below have
been already disclosed in the third embodiment.
[0369] port number assignment method

[0370] For MU-MIMO, assign DMRS ports belong-
ing to the same CDM group (—agreed in 3GPP).
[0371] If the number of ports to assign is less than the
number of ports belonging to one CDM group, it is
not allowed to assign the ports belonging to another

CDM group.

[0372] Only if the number of ports to assign is greater
than the number of ports belonging to one CDM
group, it is allowed to assign the ports belonging to
another CDM group additionally.

[0373] If necessary, it may be possible to assign
additional DMRS ports with FDM preferentially.

[0374] DMRS table signaling overhead reduction
method
[0375] When the one symbol and two symbol indi-

cator is provided by higher layers, it may be possible
to signal the number of layer & port number infor-
mation for the one-symbol case and the number of
layer & port number information for the two-symbol
case in Tables 9 and 10 separately (—it is agreed in
3GPP that if the maximum symbol length is config-
ured by higher layers and indicates 2, whether the
DMRS pattern is a one-symbol DMRS pattern or a
two-symbol DMRS pattern is indicated via DCI).

[0376] If number of layers>4, this is the case of 2-CW
transmission and thus it may be considered to configure
the number of layer & port number information for
1-CW transmission (number of layers=4) into two rows
for signaling.

[0377] It may also be possible to further consider lim-
iting port number assignment to specific port numbers
among the combinations of port assignments config-
ured according to the port number assignment method
(see third embodiment, for example).

[0378] The method of assigning the DMRS ports in the
same CDM group in view of the UE, as the first one of the
disclosed port number assignment methods, has been used in
3GPP. The method of indicating whether the DMRS pattern
is a one-symbol DMRS pattern or two-symbol DMRS
pattern by configuring the maximum symbol length by
higher layers as the first one of the methods for reducing the
DMRS table signaling overhead has been used in 3GPP.
Accordingly, the maximum symbol length is set to 1 for
configuring a DMRS table for one-symbol DMRS pattern
and 2 for configuring a DMRS table for both the one-symbol
and two-symbol DMRS patterns. It is possible to switch
between the one-symbol DMRS pattern and the two-symbol
DMRS pattern. Accordingly, the seventh embodiment pro-
poses a method for indicating the DMRS port information of
the user co-scheduled with the target user in one DMRS
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table based on the disclosed DMRS table design method and
the agreement made currently in 3GPP.
[0379] A description is made of the DMRS table design

TABLE 29-3-continued

Cco-

scheduled scheduled  Examples of
method for DMRS typel one symbol DMRS patterns. The Index port(s) port(s)  SUMU scheduling
DMRS port indexing method for DMRS typel one symbol
DMRS patterns has already been determined with the port 2 0,1,2 No SU
indices as shown in part j10 of FIG. 10A, part j50 of FIG. i 0, 162’ 3 I\io f/{% @)
10B, and part j90 of FIG. 10C. By applying Method 2 to the 5 0 L2 MU (1 +1+1)
disclosed DMRS table design principle, it is possible to 6 0 1,2,3 MU +1+20rl+1+1+1)
derive Table 29-1 as a DMRS table. 7 1 0 MU (1 +1)
8 1 0,2 MU +1+1)
9 1 0,2,3 MU@+1+2o0rl+1+1+1)
TABLE 29-1 10 2 0,1 MU(1+20rl+1+1)
11 2 0,1,3 MU@+2+lorl+1+1+1)
co- 12 3 0,1,2 MU@+2+lorl+1+1+1)
scheduled  scheduled Examples of 13 0,1 2 MU (2 + 1)
Index port(s) port(s) SU/MU scheduling 14 0,1 2,3 MU (2 +2)
15 2,3 0,1 MU (2 +2)
0 0 No SU
1 0,1 No SU
2 0,2 No SU .
3 01,2 No  SU [0382] When expressing Table 29-3 as the co-scheduled
4 0,1,2,3 No SU CDM group(s) using Method 1, the DMRS table may be
5 0 1 MU (1+1) configured as Table 29-4.
6 0 2 MU1+1)
7 0 1,2 MU@+1+1)
8 0 1,2,3 MU(I+1+20r141+1+1) TABLE 29-4
9 1 0 MU+
10 1 0,2 MU +1+1) scheduled co-scheduled
11 1 0,2,3 MU(+1+2o0orl+1+1+1) Index port(s) CDM group(s)
12 2 0 MU+
13 2 0,1 MU(@+2o0rl+1+1) 0 0 No
14 2 0,1,3 MU(l+2+1lorl+1+1+1) 1 0,1 No
15 3 0,1,2 MU(l+2+1lorl+1+1+1) 2 0,1,2 No
16 0,1 2 MUQ+1) 3 0,1,2,3 No
17 0,1 2,3 MU(2+2) 4 0 CDM group 0
18 2,3 0,1 MUQ2+2) 5 0 CDM group 0, 1
6 1 CDM group 0
7 1 CDM group 0, 1
[0380] When expressing Table 29-1 as the co-scheduled g ; ggﬁ group 8 .
. group 0,
CDM group(s) using Method 1, the DMRS table may be 10 3 CDM group 0, 1
configured as Table 29-2. 1 0,1 CDM group 1
12 2,3 CDM group 0
TABLE 29-2
scheduled co-scheduled [0383] If only DMRS port assignment with FDM for
Index port(s) CDM group(s) SU/MU scheduling is allowed for 2-layer transmission in
0 0 o Table 29-1, this may be expressed as Table 29-5.
1 0,1 No
2 0,2 No TABLE 29-5
3 0,1,2 No
4 0,1,2,3 No co-
5 0 CDM group 0O scheduled scheduled  Examples of
6 0 CDM group 1 Index port(s) port(s) SU/MU scheduling
7 0 CDM group 0, 1
8 1 CDM group 0 0 0 No SU
9 1 CDM group 0, 1 1 0,2 No SU
10 2 CDM group 0 2 0,1,2 No SU
11 2 CDM group 0, 1 3 0,1,2,3 No SU
12 3 CDM group 0, 1 4 0 2 MU (1 + 1)
13 0,1 CDM group 1 5 0 1,2 MU(1+1+1)
14 2,3 CDM group 0 6 0 1,23 MU(@Q+1+2o0rl+1+1+1)
7 1 0,2 MU +1+1)
8 1 0,2,3 MU@+1+2o0rl+1+1+1)
[0381] If DMRS port assignment with FDM for SU/MU 9 2 0 MU (1 +1)
scheduling is not allowed for 2-layer transmission in Table 10 2 0,1 MU (1 +20r1+1+1)
. 11 2 0,1,3 MU@+2+lorl+1+14+1)
29-1, this may be expressed as Table 29-3. 12 3 0012 MU(+2+1ori+1+141)
TABLE 29-3 13 0,1 2 MU (2 + 1)
14 0,1 2,3 MU (2 +2)
co- 15 2,3 0,1 MU (2 +2)
scheduled scheduled  Examples of
Index port(s) port(s) SU/MU scheduling
0 0 No SU [0384] When expressing Table 29-5 as the co-scheduled
1 0,1 No SuU CDM group(s) using Method 1, the DMRS table may be

configured as Table 29-6.
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TABLE 29-6 TABLE 29-6-continued
scheduled co-scheduled scheduled co-scheduled
Index port(s) CDM group(s) Index port(s) CDM group(s)
0 0 No 10 0,1 CDM group 1
1 0,2 No 11 2,3 CDM group 0
2 0,1,2 No
3 0,1,2,3 No S
1 b CDM ) [0385] Next, a description is made of the DMRS table
5 0 DM :ﬁgﬁg o1 design method for DMRS typel two symbol DMRS pat-
6 1 CDM group 0:1 terns. A description is .made of the DMRS tgble design
7 5 CDM group 0 method in accordance with the DMRS port indexing method
8 2 CDM group 0, 1 of part j20 of FIG. 10A. When applying Method 2 to the
9 3 CDM group 0, 1 DMRS table design principle, the DMRS table may be
configured as Table 30-1.
TABLE 30-1
Examples
scheduled co-scheduled of SU/MU
Index  port(s) port(s)  scheduling comments
0 0 No SU
1 0,1 No SU
2 0,1,4 No SU can be replaced
t00,1,2
3 0,1,4,5 No SU can be replaced
t00,1,2,3
4 0,1, No SU 2CW, can be
2,3, 4 moved to
another row
5 0,1,2, No SU 2CW, can be
3,4,5 moved to
another row
6 0,1,2, No SU 2CW, can be
3,4,5,6 moved to
another row
7 0,1,2,3, No SU 2CW, can be
4,5,6,7 moved to
another row
8 0 1 MU (1 + 1)
9 0 4,5 MU(l+2orl+1+1)
10 0 1,4,5 MUl +3o0rl+1+2o0r
1+1+41+1)
11 0 2,3,6,7 MU(Q+4orl+1+3o0r
1+2+20rl1+1+1+2
orl+1+1+1+1)
12 0 1,2, MU@Q+1+40rl1+1+2+2
3,6,7 orl+1+1+4+1+1+1)
13 0 4,52, MU@Q+2+4orl+2+2+2
3,6,7 orl+1+1+1+1+1+1)
14 0 1,4,52, MU(L+1+2+4or
3,6,7 1+1+2+2+2
orl+1+1+1+1+1+41+1)
15 1 0 MU (1 + 1)
16 1 0,4,5 MU(@Q+1+20rl1+1+1+1)
17 1 0,2,3, MU(l+l+4dorl+2+2or
6,7 1+1+1+1+41+1)
18 1 0,4,52, MU(1+1+2+4or
3,6,7 1+1+2+2+2
orl+1+1+1+1+1+41+1)
19 2 0,3,6,7 MU(Q+1+30rl+1+1-F2
orl+1+1+1+1)
20 2 0,1,3,6,7MU(L+1+1+1+1+1)
21 2 0,3,4, MU(1+1+1+1+1+1+1)
s, 6,7
22 2 0,1,3,4, MU +1+1+1+
56,7 1+1+41+1)
23 3 0,2,6,7 MU@Q+1+1+1+1)
24 3 0,1,2,6,7 MU(L+1+1+1+1+1)
25 3 0,2,4, MU(1+1+1+1+1+1+1)
s, 6,7
26 3 0,1,2,4, MU +1+1+1+
56,7 1+1+41+1)
27 4 0,5 MU(@d+1+1)
28 4 0,1,5 MUQ+1+1+1)
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TABLE 30-1-continued
Examples
scheduled co-scheduled of SU/MU
Index  port(s) port(s)  scheduling comments
29 4 0,2,3, MU(1+1+1+1+1+1+1)
5,6,7
30 4 0,1,2,3, MU(I+1+1+1+
56,7 1+41+1+1)
31 5 A4 MU@Q+1+1)
32 5 0,1,4 MU@+1+1+1)
33 5 0,2,3, MU(1+1+1+1+1+1+1)
4,6,7
34 5 0,1,2,3, MU(I+1+1+1+
4,6,7 1+41+1+1)
35 6 0,2,3,7 MU(I+1+1+1+1)
36 6 0,1,2,3,7 MUQ+1+1+1+1+1)
37 6 0,2,3, MU(1+1+1+1+1+1+1)
4,57
38 6 0,1,2,3, MU(I+1+1+1+
4,57 1+41+1+1)
39 7 0,2,3,6 MU(I+1+1+1+1)
40 7 0,1,2,3,6 MUQ+1+1+1+1+1)
41 7 0,2,3, MU(1+1+1+1+1+1+1)
4,56
42 7 0,1,2,3, MU(I+1+1+1+
4,56 1+41+1+1)
43 0,1 4,5 MU (2 +2)
44 4,5 0 MU (2 + 1)
45 4,5 0,1 MU (2 +2)
46 4,5 0,2,3,6,7 MUQ+1+1+1+1+1)
47 4,5 0,1,2, MUQ2+1+1+1+4+1+1+1)
3,6,7
48 2,3 0,67 MUQ@+1+1+1)
49 2,3 0,1,6,7 MUQ+1+1+1+1)
50 2,3 0,4,567MUQ+1+1+1+1+1)
51 2,3 0,1,4, MUQ2+1+1+1+1+1+1)
5,6,7
52 6,7 0,2,3 MUQ@+1+1+1)
53 6,7 0,1,2,3 MUQ+1+1+1+1)
54 6,7 0,2,3,4,5 MUQ+1+1+1+1+1)
55 6,7 0,1,2, MUQ2+1+1+1+4+1+1+1)
3,4,5
56 1,4,5 0 MU (3 +1)
57 1,4,5 3,6,7 MU(3+3or
3+41+141+141+1)
58 3,6,7 0,2 MUGB+1+1)
59 3,6,7 1,45 MU@B+3o0r
3+41+141+141+1)
60 0,1,4,5 2,3,6,7 MU@+4)
61  2,3,6,7 0 MU (4 + 1)
62 2,3,6,7 - 0,1MU @ +2o0ord+1+1)
63 2,3,6,7 0,45 MU@+1+1+1)
64  2,3,6,7 0,1,45 MU@+4)
[0386] When expressing Table 30-1 as the co-scheduled

CDM group(s) using Method 1, the DMRS table maybe

presented as Table 30-2.

TABLE 30-2
co-scheduled
scheduled CDM
Index port(s) group(s) comments

0 0 No
1 0,1 No
2 0,1,4 No can be replaced to 0, 1, 2
3 0,1,4,5 No can be replaced to 0, 1, 2, 3
4 0,1,2,3,4 No 2CW, can be moved

to another row
5 0,1,2,3,4,5 No 2CW, can be moved

to another row
6 0,1,2,3,4,5,6 No 2CW, can be moved

to another row
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TABLE 30-2-continued

co-scheduled

scheduled CDM
Index port(s) group(s) comments
7 0,1,2,3,4,5,6,7 No 2CW, can be moved
to another row

8 0 CDM group 0

9 0 CDM group 1
10 0 CDM group 0, 1

11 1 CDM group 0
12 1 CDM group 0, 1
13 2 CDM group 0, 1
14 3 CDM group 0, 1
15 4 CDM group 0
16 4 CDM group 0, 1
17 5 CDM group 0
18 5 CDM group 0, 1
19 6 CDM group 0, 1
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TABLE 30-2-continued TABLE 30-3-continued
co-scheduled co-scheduled
scheduled CDM scheduled CDM
Index port(s) group(s) comments Index port(s) group(s) comments

20 7 CDM group 0, 1 29 2,3,6 CDM group O can be removed or

21 0,1 CDM group 0 with different port

22 0,1 CDM group 0, 1 number such as 3, 6,7

23 2,3 CDM group 0, 1 30 2,3,6 CDM group 1 can be removed or

24 45 CDM group 0 with different port

25 4,5 CDM group 0, 1 number such as 3, 6, 7

26 6,7 CDM group 01 31 0,1,4,5 CDM group 1

27 0,1,4 CDM group O can be removed or 32 2367 CDM group 0
with different port
number such as 1, 4, 5 .

28 01,4 CDM group 1 can be removed or [0388] How to assign DMRS port numbers to the sched-
with different port uled port(s) corresponding to indices 4 to 6 in Tables 30-1
number such as 1, 4, 5 to 30-3 is not limited to the methods represented by the

29 2,3,6 CDM group 0 can be removed or above tables. For example, it may be possible to schedule 5
with different port arbitrary ports that are not allowed to be overlapped among

30 236 CDM group 1 :auinszrrzumcfvzz z’r6’ ! the DMRS ports 0 to 7 for in(.iex 4 in Table 30-1. It may also
with different port be possible to schedule 6 arbitrary ports that are not allowed
number such as 3, 6, 7 to be overlapped among the DMRS ports 0 to 7 for index 5.

31 0,1,4,5 CDM group 1 It may also be possible to schedule 7 arbitrary ports that are

32 2,3,6,7 CDM group 0 not allowed to be overlapped among the DMRS ports 0 to 7

for index 6.

[0389] As described above, when the symbol length is 1 or
2, the maximum DMRS symbol length is set to 2. Accord-
) . ingly, it is possible to combine the one-symbol DMRS
achieve the same MU-pairing effect. pattern Tables 29-1 to 29-6 and the two-symbol DMRS
pattern Tables 30-1 to 30-3 into one table for indicating

[0387] It may be possible to add index 12 to Table 30-2
instead of removing the index 9 from Table 31-2 in order to

TABLE 30-3 whether the number of symbols is 1 or 2.
co-scheduled [0390] When using the DMRS port indexing method of
scheduled CDM part j60 of FIG. 10B, it may be possible to derive Table 30-4
Index port(s) group(s)  comments by applying Method 1 to Table 30-2.
0 0 No
1 0,1 No TABLE 30-4
2 0,1,4 No can be replaced to 0, 1, 2
3 0,1,4,5 No can be replaced to 0, 1, 2, 3 co-scheduled
4 0,1,2,3,4 No 2CW, can be moved scheduled CDM
to another row Index port(s) group(s) comments
5 0,1,2,3,4,5 No 2CW, can be moved
to another row 0 0 No
6 0,1,2,3,4,5,6 No 2CW, can be moved 1 0,1 No
to another row 2 0,1,2 No
7 0,1,2,3,4,5,6,7 No 2CW, can be moved 3 0,1,2,3 No
to another row 4 0,1,2,3,4 No 2CW, can be moved
8 0 CDM group 0 to another row
9 0 CDM group 0, 1 5 0,1,2,3,4,5 No 2CW, can be moved
10 1 CDM group 0 to another row
11 1 CDM group 0, 1 6 0,1,2,3,4,5,6 No 2CW, can be moved
12 2 CDM group 0 to another row
13 2 CDM group 0, 1 7 0,1,2,3,4,5,6,7 No 2CW, can be moved
14 3 CDM group 0, 1 to another row
15 4 CDM group 0 8 0 CDM group 0
16 4 CDM group 0, 1 9 0 CDM group 1
17 5 CDM group 0 10 0 CDM group 0, 1
18 5 CDM group 0, 1 11 1 CDM group 0
19 6 CDM group 0, 1 12 1 CDM group 0, 1
20 7 CDM group 0, 1 13 2 CDM group 0
21 0,1 CDM group 0 14 2 CDM group 0, 1
22 0,1 CDM group 0, 1 15 3 CDM group 0
23 2,3 CDM group 0, 1 16 3 CDM group 0, 1
24 4,5 CDM group 0 17 4 CDM group 0, 1
25 4,5 CDM group 0, 1 18 5 CDM group 0, 1
26 6,7 CDM group 0, 1 19 6 CDM group 0, 1
27 0,1,4 CDM group O can be removed or 20 7 CDM group 0, 1
with different port 21 0,1 CDM group 0
number such as 1, 4, 5 22 0,1 CDM group 0, 1
28 0,1,4 CDM group 1 can be removed or 23 2,3 CDM group 0
with different port 24 2,3 CDM group 0, 1
number such as 1, 4, 5 25 4,5 CDM group 0, 1
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TABLE 30-4-continued [0392] When using the DMRS port indexing method of
part j 100 of FIG. 10C, it may be possible to derive Table
co-scheduled 30-6 by applying Method 1 to Table 30-2.
scheduled CDM
Index ort(s roup(s comments
sl i TABLE 30-6
26 6,7 CDM group 0, 1
27 0,1,2 CDM group 0 can be removed or co-scheduled
with different port scheduled CDM
number such as 1, 2, 3 Index port(s) group(s) comments
28 0,1,2 CDM group 1 can be removed or
with different port 0 0 No
number such as 1, 2, 3 1 0,1 No
29 4,5,6 CDM group 0 can be removed or 2 0,1,4 No
with different port 3 0,14,6 No
number such as 5, 6, 7 4 0,1,2,4,6 No 2CW, can be moved
30 4,5, 6 CDM group 1 can be removed or to another row
with different port 5 0,1,2,3,4,6 No 2CW, can be moved
number such as 5, 6, 7 to another row
31 0,1,2,3 CDM group 1 6 0,1,2,3,4,5,6 No 2CW, can be moved
32 4,5,6,7 CDM group 0 to another row
7 0,1,2,3,4,5,6,7 No 2CW, can be moved
to another row
8 0 CDM group 0
[0391] When using the DMRS port indexing method of 9 0 CDM gmug 1
part j60 of FIG. 10B, it may be possible to derive Table 30-5 10 0 CDM group 0, 1
by applying Method 1 to Table 30-3. 11 1 CDM group 0
TABLE 30-5 12 1 CDM group 0, 1
13 2 CDM group 0, 1
co-scheduled 14 3 CDM group 0, 1
scheduled CDM 15 4 CDM group 0
Index port(s) group(s) comments 16 4 CDM group 0, 1
17 5 CDM group 0, 1
0 0 No 18 6 CDM group 0
1 0.1 No 19 6 CDM group 0, 1
2 0 ,1 2 No 20 7 CDM group 0, 1
3 0, ,1, ,2, 3 No 21 0,1 CDM group 0
4 0,1,2,3,4 No 2CW, can be moved 22 0,1 CDM group 0, 1
to another row 23 2,3 CDM group 0, 1
5 0,1,2,3,4,5 No 2CW, can be moved 24 4,6 CDM group 0
to another row 25 4,6 CDM group 0, 1
6 0,1,2,3,4,56 No 2CW, can be moved 26 5,7 CDM group 0, 1
to another row 27 0,1,4 CDM group 0 can be removed or
7 0,1,2,3,4,5,6,7 No 2CW, can be moved with different port
to another row number such as 1, 4, 6
8 0 CDM group 0 28 0,1,4 CDM group 1 can be removed or
9 0 CDM group 0, 1 with different port
10 1 CDM group 0 number such as 1, 4, 6
11 1 CDM group 0, 1 29 2,3,5 CDM group 0 can be removed or
12 2 CDM group 0 with different port
13 2 CDM group 0 number such as 3, 5, 7
14 2 CDM group 0, 1 30 2,3,5 CDM group 1 can be removed or
15 3 CDM group 0 with different port
16 3 CDM group 0, 1 number such as 3, 5, 7
17 4 CDM group 0, 1 31 0,1,4,6 CDM group 1
18 5 CDM group 0, 1 32 2,3,57 CDM group 0
19 6 CDM group 0, 1
20 7 CDM group 0, 1
21 0,1 CDM group 0 [0393] When using the DMRS port indexing method of
;g g; C(]:D]g/IMgroup 061 part j100 of FIG. 10C, it may be possible to derive Table
s group .
2 23 CDM group 0, 1 30-7 by applying Method 1 to Table 30-3.
25 4,5 CDM group 0, 1
26 6,7 CDM group 0, 1 TABLE 30-7
27 0,1,2 CDM group 0 can be removed or
with different port co-scheduled
number such as 1, 2, 3 scheduled CDM
28 0,1,2 CDM group 1 can be removed or Index port(s) group(s) comments
with different port
number such as 1, 2, 3 0 0 No
29 4,56 CDM group 0 can be removed or 1 0,1 No
with different port 2 0,1,4 No
number such as 3, 6, 7 3 0,1,4,6 No
30 4,56 CDM group 1 can be removed or 4 0,1,2,4,6 No 2CW, can be moved
with different port to another row
number such as 3, 6, 7 5 0,1,2,3,4,6 No 2CW, can be moved
31 0,1,2,3 CDM group 1 to another row
32 4,5,6,7 CDM group 0 6 0,1,2,3,4,5,6 No 2CW, can be moved

to another row
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TABLE 30-7-continued

co-scheduled

co-scheduled

scheduled CDM scheduled CDM
Index port(s) group(s) comments Index port(s) group(s) comments
7 0,1,2,3,4,5,6,7 No 2CW, can be moved 30 2,3,5 CDM group 1 can be removed or
to another row with different port
8 0 CDM group 0 number such as 3, 5, 7
9 0 CDM group 0, 1 31 0,1,4,6 CDM group 1

10 1 CDM group 0 32 2,3,5,7 CDM group 0

11 1 CDM group 0, 1

12 2 CDM group 0 . .

13 2 CDM group 0, 1 [0394] As described above, when the symbol length is 1 or

14 3 CDM group 0, 1 2, the maximum DMRS symbol length is set to 2. Accord-

}2 i C%?AM groupool ingly, it is possible to combine the one-symbol DMRS

17 5 DM ggﬁg o1 pattern Tables 29-1 to 29-6 and the two-symbol DMRS

18 6 CDM groupb pattern Tables 30-4 to 30-7 into one table for indicating

19 6 CDM group 0, 1 whether the number of symbols is 1 or 2.

;? 071 C(]:)]g/fMgrouP 061 [0395] A description is now made of the DMRS table

2 o1 DM gfgﬁ;po 1 design method for the DMRS type2 one symbol DMRS

23 23 CDM group 0, 1 patterns. The DMRS port indexing method for DMRS type2

24 4,6 CDM group 0 one symbol DMRS pattern has been already determined

;2 ‘5" g ggﬁ group 8’ } with the port indices as shown in j30 of FIG. 10A, part j70

P 014 CDMg;EEp b can be removed or of FIG. 10B, and part j 10 of FIG. 10C. By applying Method

o with different port 2to the disclosed DMRS table desigp principle, it i.s possible
number such as 1, 4, 6 to derive Table 31-1. In Table 31-1, it may be possible to use

28 0,14 CDM group 1 e b; gmoved or two rows for 1-CW and 2-CW and move indices 4 and 5 for
with different port 2-CW transmission to the row corresponding to the 2-CW
number such as 1, 4, 6 .. . . h .

29 23,5 CDM group 0 can be removed or transmission as descrlbeq in the previous embodiment. For
with different port example, it may be possible to refer to Table 28-2. When
number such as 3, 5, 7 3-layer transmission per UE is not allowed in the MU-

MIMO mode, the indices 27 and 28 may be omitted.
TABLE 31-1
Cco-
scheduled scheduled
Index port(s) port(s)  Examples of SU/MU scheduling comments
0 0 No SU
1 , No SU
2 1.2 No SU
3 0.1.23 No SU
4 0.1.2.3,4 No SU 2CW, can be moved
to another row
5 0,1,2,3,4,5 No SU 2CW, can be moved
to another row
6 0 1 MU (1 + 1)
7 0 L2 MUQ+1+1)
8 0 1,2,3 MU(@Q+1+20rl+1+1+1)
9 0 2,3,4,5 MU(Q+1+1+1+1)
10 0 1,2,3,45 MUQ+1+1+1+1+1)
11 1 0 MU (1 + 1)
12 1 0,2 MU{Q+1+1)
13 1 0,2,3 MU(@Q+1+20rl+1+1+1)
14 1 0,2,3,45 MU(L+1+2+2,1+1+2+1+1,
1+41+1+1+41+1)
15 2 0,1 MUQ@Qd+1+1)
16 2 0,1,3 MU(@Q+2+1lorl+1+1+1)
17 2 0,1,3,4,5 MU(1+2+1+20orl+2+1+1+1or
1+41+1+1+41+1)
18 3 0,1,2 MU(@Q+2+1lorl+1+1+1)
19 3 0,1,2,4,5 MU(1+2+1+20rl1+1+4+1+1+1+1)
20 4 0,1,2,3,5 MU(1+2+2+1orl+1+1+1+1+1)
21 5 0,1,2,3,4 MU(1+2+2+1orl+1+1+1+1+1)
22 0,1 2,3 MUQR+2,2+1+1)
23 0,1 2,3,4,5 MUQ+4,2+2+1+1,
2+1+141+1)
24 2,3 0,1 MUQ+2o0r2+1+1)
25 2,3 0,1,4,5 MUQ+4o0r2+2+1+1or
2+1+141+1)
26 4,5 0,1,2,3 MUQ@+4or2+2+1+1or

2+1+141+1)
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TABLE 31-1-continued
co-
scheduled scheduled
Index port(s) port(s)  Examples of SU/MU scheduling comments
27 0,1,2 3,4,5 MU@B+30r3+1+20r3+1+1+1) can be removed
28 3,4,5 0,1,2 MU@B+30r3+2+1or3+1+1+1) can be removed
29 2,3,4,5 0,1 MU@A+2o0r4+1+1)
[0396] When expressing Table 31-1 as the co-scheduled TABLE 31-3
CDM group(s) using Method 1, the DMRS table may be
configured as Table 31-2. scheduled  co-scheduled CDM
Index port(s) group(s) comments
TABLE 31-2 0 0 No
1 0,1 No
I scheiuled co-scheduled CDM . 5 0.1.2 No
ndex port(s) group(s) comments 3 01.23 No
0 0 No 4 0.1.2.3,4 No 2CW, can be moved to
1 0,1 No another row
2 0.1.2 No 5 0,1,2,3,4,5 No 2CW, can be moved to
3 0.1.2.3 No another row
4 0.1.23,4 No 2CW, can be moved to 6 0 CDM group 0
another row 7 0 CDM group 0, 1
5 0,1,2,3,4,5 No 2CW, can be moved to 8 0 CDM group 0, 1, 2
another row 9 1 CDM group 0
6 0 CDM group 0 10 1 CDM group 0, 1
7 0 CDM group 0, 1 11 1 CDM group 0, 1, 2
8 0 CDM group 1, 2 1 5 CDM group 0
9 0 CDM group 0, 1, 2 13 5 CDM group 0, 1
i? } ggﬁ group 8 . 14 > CDM group 0, 1, 2
12 1 CDM gigﬁp 01,2 15 3 CDM group 0, 1
5 5 cDM gmug o 16 3 CDM group 0, 1, 2
14 2 CDM group 0, 1 17 4 CDM group 0, 1
15 2 CDM group 0, 1, 2 18 4 CDM group 0, 1, 2
16 3 CDM group 0, 1 19 5 CDM group 0, 1, 2
17 3 CDM group 0, 1, 2 20 0,1 CDM group 1
18 4 CDM group 0, 1, 2 21 0,1 CDM group 1, 2
19 5 CDM group 0, 1, 2 22 2,3 CDM group 0
20 0,1 CDM group 1 23 2,3 CDM group 0, 2
ii g’ é ggﬁ group (1)’ 2 24 4,5 CDM group 0, 1
R group
23 23 CDM group 0, 2 25 0,1,2 CDM group 1, 2 can be removed
24 4,5 CDM group 0, 1 26 3,4,5 CDM group 0, 1 can be removed
25 0,1,2 CDM group 1, 2 can be removed 27 2,3,4,5 CDM group 0
26 3,4,5 CDM group 0, 1 can be removed
27 2,3,4,5 CDM group 0

[0398] When considering 1-layer transmission per UE in
[0397] It may be possible to add index 17 to Table 31-3 MU-MIMO 2/3-layer transmission mode, if only the FDM
instead of removing the index 8 from Table 31-2 in order to is allowed, it is possible to derive Table 31-4 from Table
achieve the same MU-pairing effect. 31-1.

TABLE 31-4

Cco-

scheduled scheduled

Index port(s) port(s)  Examples of SU/MU scheduling comments

0 0 No SU

1 0,1 No SU

2 0.1.2 No SU

3 0.1.2.3 No SU

4 0.1.23,4 No SU 2CW, can be moved
to another row

5 0,1,2,3,4,5 No SU 2CW, can be moved
to another row

6 0 2 MU (1 +1)

7 0 2,4 MU1+1+1)

8 0 1,2,3 MUl +1+2o0rl+1+1+1)

9 0 2,3,4,5 MU(Q+1+1+1+1)

10 0 1,2,3,45 MU(1+1+1+1+1+1)

11 1 0,2,3 MU@Q+1+2o0orl+1+1+1)

Ex.1006
APPLE INC. / Page 62 of 72



US 2019/0068308 Al Feb. 28,2019

41

TABLE 31-4-continued
co-
scheduled scheduled

Index port(s) port(s)  Examples of SU/MU scheduling comments

12 1 0,2,3,4,5 MU(L+1+2+21+1+2+1+1,
1+41+1+1+41+1)

13 2 0 MU (1 + 1)

14 2 0,4 MU(l+1+1)

15 2 0,1,3 MU(Q+2+1lorl+1+1+1)

16 2 0,1,3,4,5 MU(l+2+1+20orl+2+1+1+1or
1+41+1+1+41+1)

17 3 0,1,2 MU(Q+2+1lorl+1+1+1)

18 3 0,1,2,4,5 MU(L+2+1+2o0r
1+41+1+1+41+1)

19 4 0,2 MU(I+1+1)

20 4 0,1,2,3,5 MU(L+2+2+1or

1+41+1+1+41+1)
21 5 0,1,2,3,4 MU(Q1+2+2+1or
1+41+1+1+41+1)

22 0,1 2,3 MUQ2+2,2+1+1)

23 0,1 2,3,4,5 MUQ2+4,2+2+1+1,
2+1+1+41+1)

24 2,3 0,1 MUQ2+2o0r2+1+1)

25 2,3 0,1,4,5 MUQ2+4o0r2+2+1+1or

2+1+1+41+1)
26 4,5 0,1,2,3 MUQ2+4o0r2+2+1+1or
2+1+1+41+1)

27 0,1,2 3,4,5 MU@B+30r3+1+20r3+1+1+1) can be removed
28 3,4,5 0,1,2 MU@B+3o0r3+2+1or3+1+1+1) can be removed
29 2,3,4,5 0,1 MU@+2o0r4+1+1)

[0399] When expressing Table 31-4 as co-scheduled CDM mented based on the DMRS post indexing method of part
group(s) using Method 1, the DMRS table may be config-  j40 of FIG. 10A. A Method 1-based DMRS table design
ured as Table 31-5. method is disclosed. A Method 2-based DMRS design
method is not used in view of DMRS signaling overhead

TABLE 31-5 because there are so many MU-pairing cases to be consid-

ered for the DMRS type2 two symbol DMRS pattern. By
applying Method 1 to the disclosed DMRS table design

scheduled  co-scheduled CDM

Index port(s) group(s) comments I . . .
principle, it is possible to derive Table 32-1. In Table 32-1,
0 0 No it may be possible to generate two rows and for 1-CW and
i (;)1 12 EO 2-CW and move the indices 4 to 7 for 2-CW transmission to
AL o] . . .
3 0123  No the row corresponding to the 2-CW transmission as
4 0.1.23,4 No 2CW, can be moved to described in the previous embodiment. For example, it may
another row be possible to refer to Table 28-1. When 3-layer transmission
5 0,1,2,3,4,5No 2C‘§l’ can be moved to per UE is not allowed in the MU-MIMO mode, the indices
another row .
6 0 CDM group 1 48 to 55 may be omitted.
7 0 CDM group 0, 1
8 0 CDM group 1, 2 TABLE 32-1
9 0 CDM group 0, 1, 2
10 1 CDM group 0 scheduled co-scheduled
11 1 CDM group 0, 1 Index port(s) CDM group(s) comment
12 1 CDM group 0, 1, 2
13 2 CDM group 0 0 0 No
14 2 CDM group 0, 1 1 0,1 No
15 2 CDM group 0, 1, 2 2 0,1,6 No
16 3 CDM group 0, 1 3 0,1,6,7 No
17 3 CDM group 0, 1, 2 4 0,1,2,3,6 No 2CW, can be moved to
18 4 CDM group 0, 1, 2 another row
19 5 CDM group 0, 1, 2 5 0,1,2,3,6,7 No 2CW, can be moved to
20 0,1 CDM group 1 another row
21 0,1 CDM group 1, 2 6 0,1,2,3,6,7,8 No 2CW, can be moved to
22 2,3 CDM group 0 another row
23 2,3 CDM group 0, 2 7 0,1,2,3,6, No 2CW, can be moved to
24 4,5 CDM group 0, 1 7,8,9 another row
25 0,1,2 CDM group 1, 2 can be removed 8 0 CDM group 0O
26 3,4,5 CDM group 0, 1 can be removed 9 0 CDM group 0, 1
27 2,3,4,5 CDM group 0 10 0 CDM group 1
11 0 CDM group 1, 2
Lo . 12 0 CDM group 0, 1, 2
[0400] A description is now made of the DMRS table 13 1 CDM group 0
design method for the DMRS type2 two symbol DMRS 14 1 CDM group 0, 1

pattern. The DMRS table design method may be imple-
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TABLE 32-1-continued TABLE 32-1-continued
scheduled co-scheduled scheduled co-scheduled
Index port(s) CDM group(s) comment Index port(s) CDM group(s) comment

15 1 CDM group 0, 1, 2 48 0,1,6 CDM group 0 can be removed or with
16 2 CDM group 0, 1 different port number
17 2 CDM group 0, 1, 2 such as 1, 6,7
18 3 CDM group 0, 1 49 0,1,6 CDM group 0, 1 can be removed or with
19 3 CDM group 0, 1, 2 different port number
20 4 CDM group 0, 1, 2 such as 1, 6,7
21 5 CDM group 0, 1, 2 50 0,1,6 CDM group 0, 1,2 can be removed or with
22 6 CDM group 0 different port number
23 6 CDM group 0, 1 such as 1, 6,7
24 6 CDM group 0, 1, 2 51 2,3,8 CDM group 0 can be removed or with
25 7 CDM group 0 different port number
26 7 CDM group 0, 1 such as 3, 8, 9
27 7 CDM group 0, 1, 2 52 2,3,8 CDM group 0, 1 can be removed or with
28 8 CDM group 0, 1 different port number
29 8 CDM group 0, 1, 2 such as 3, 8, 9
30 9 CDM group 0, 1 53 2,3,8 CDM group 0, 1,2 can be removed or with
31 9 CDM group 0, 1, 2 different port number
32 10 CDM group 0, 1, 2 such as 3, 8, 9
33 11 CDM group 0, 1, 2 54 4,5,10 CDM group 0, 1 can be removed or with
34 0,1 CDM group 0 different port number
35 0,1 CDM group 0, 1 such as 5, 10, 11
36 0,1 CDM group 0, 1, 2 55 4,5,10 CDM group 0, 1,2 can be removed or with
37 2,3 CDM group 0 different port number
38 2,3 CDM group 0, 1 such as 5, 10, 11
39 2,3 CDM group 0, 1, 2 56 0,1,6,7 CDM group 1
40 4,5 CDM group 0, 1 57 0,1,6,7 CDM group 1, 2
41 4,5 CDM group 0, 1, 2 58 2,3,8,9 CDM group 0, 1
42 6,7 CDM group 0 59 2,3,8,9 CDM group 0, 1, 2
43 6,7 CDM group 0, 1 60 4,5,10, 11 CDM group 0, 1, 2
44 6,7 CDM group 0, 1, 2
45 8,9 CDM group 0, 1 . Lo
46 89 CDM group 0, 1, 2 [0401] It may be possible to add indices 14 and 19 to Table
47 10, 11 CDM group 0, 1, 2 31-3 instead of removing the indices 10 and 11 from Table

32-1 in order to achieve the same MU-pairing effect.

TABLE 32-2
scheduled co-scheduled CDM
Index port(s) group(s) comment

0 0 No

1 0,1 No

2 0,1,6 No

3 0,1,6,7 No

4 0,1,2,3,6 No 2CW, can be moved to another row
5 0,1,2,3,6,7 No 2CW, can be moved to another row
6 0,1,2,3,6,7,8 No 2CW, can be moved to another row
7 0,1,2,3,6,7,8,9 No 2CW, can be moved to another row
8 0 CDM group 0

9 0 CDM group 0, 1

10 0 CDM group 0, 1, 2

11 1 CDM group 0

12 1 CDM group 0, 1

13 1 CDM group 0, 1, 2

14 2 CDM group 0

15 2 CDM group 0, 1

16 2 CDM group 0, 1, 2

17 3 CDM group 0, 1

18 3 CDM group 0, 1, 2

19 4 CDM group 0, 1
20 4 CDM group 0, 1, 2
21 5 CDM group 0, 1, 2
22 6 CDM group 0
23 6 CDM group 0, 1
24 6 CDM group 0, 1, 2
25 7 CDM group 0
26 7 CDM group 0, 1
27 7 CDM group 0, 1, 2
28 8 CDM group 0, 1
29 8 CDM group 0, 1, 2
30 9 CDM group 0, 1
31 9 CDM group 0, 1, 2
32 10 CDM group 0, 1, 2
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TABLE 32-2-continued
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scheduled co-scheduled CDM
Index port(s) group(s) comment

33 11 CDM group 0, 1, 2

34 0,1 CDM group 0

35 0,1 CDM group 0, 1

36 0,1 CDM group 0, 1, 2

37 2,3 CDM group 0

38 2,3 CDM group 0, 1

39 2,3 CDM group 0, 1, 2

40 4,5 CDM group 0, 1

41 4,5 CDM group 0, 1, 2

42 6,7 CDM group 0

43 6,7 CDM group 0, 1

44 6,7 CDM group 0, 1, 2

45 8,9 CDM group 0, 1

46 8,9 CDM group 0, 1, 2

47 10, 11 CDM group 0, 1, 2

48 0,1,6 CDM group 0 can be removed or with different port number
such as 1, 6, 7

49 0,1,6 CDM group 0, 1 can be removed or with different port number
such as 1, 6, 7

50 0,1,6 CDM group 0, 1, 2 can be removed or with different port number
such as 1, 6, 7

51 2,3,8 CDM group 0 can be removed or with different port number
such as 3, 8, 9

52 2,3,8 CDM group 0, 1 can be removed or with different port number
such as 3, 8, 9

53 2,3,8 CDM group 0, 1, 2 can be removed or with different port number
such as 3, 8, 9

54 4,5,10 CDM group 0, 1 can be removed or with different port number
such as 5, 10, 11

55 4,510 CDM group 0, 1, 2 can be removed or with different port number
such as 5, 10, 11

56 0,1,6,7 CDM group 1

57 0,1,6,7 CDM group 1, 2

58 2,3,8,9 CDM group 0, 1

59 2,3,8,9 CDM group 0, 1, 2

60 4,5,10, 11 CDM group 0, 1, 2

[0402] Although specific DMRS port numbers are

assigned to the scheduled port(s) corresponding to the
indices 4 to 6 in Tables 32-1 and 32-2, the DMRS port
number assignment is not limited to that made in the tables.
For example, it may be possible to schedule 5 arbitrary ports
that are not allowed to be overlapped in the DMRS ports {0,
1,2,3,6,7, 8,9} for index 4 in Table 32-1. It may also be
possible to schedule 6 arbitrary ports that are not allowed to
be overlapped among the DMRS ports {0, 1, 2,3, 6,7, 8, 9}
for index 5. It may also be possible to schedule 7 arbitrary

ports that are not allowed to be overlapped among the
DMRS ports {0, 1, 2, 3, 6, 7, 8, 9} for index 6.

[0403] When the symbol length is 1 or 2, the maximum
DMRS symbol length is set to 2. Accordingly, it is possible
to combine the one-symbol DMRS pattern Tables 31-1 to
31-5 and the two-symbol DMRS pattern Tables 32-1 and
32-2 into one table for indicating whether the number of
symbols is 1 or 2.

[0404] When using the DMRS port indexing method of
part j80 of FIG. 10B, it may be possible to derive Table 32-3
by applying Method 1 to Table 31-1.

TABLE 32-3
scheduled co-scheduled CDM
Index port(s) group(s) comment

0 0 No

1 0,1 No

2 0,1,2 No

3 0,1,2,3 No

4 0,1,2,3,4 No 2CW, can be moved to another row
5 0,1,2,3,4,5 No 2CW, can be moved to another row
6 0,1,2,3,4,5,6 No 2CW, can be moved to another row
7 0,1,2,3,4,5,6,7 No 2CW, can be moved to another row
8 0 CDM group 0

9 0 CDM group 0, 1
10 0 CDM group 1

11 0 CDM group 1, 2
12 0 CDM group 0, 1, 2
13 1 CDM group 0
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TABLE 32-3-continued
scheduled co-scheduled CDM
Index port(s) group(s) comment
14 1 CDM group 0, 1
15 1 CDM group 0, 1, 2
16 2 CDM group 0
17 2 CDM group 0, 1
18 2 CDM group 0, 1, 2
19 3 CDM group 0
20 3 CDM group 0, 1
21 3 CDM group 0, 1, 2
22 4 CDM group 0, 1
23 4 CDM group 0, 1, 2
24 5 CDM group 0, 1
25 5 CDM group 0, 1, 2
26 6 CDM group 0, 1
27 6 CDM group 0, 1, 2
28 7 CDM group 0, 1
29 7 CDM group 0, 1, 2
30 8 CDM group 0, 1, 2
31 9 CDM group 0, 1, 2
32 10 CDM group 0, 1, 2
33 11 CDM group 0, 1, 2
34 0,1 CDM group 0
35 0,1 CDM group 0, 1
36 0,1 CDM group 0, 1, 2
37 2,3 CDM group 0
38 2,3 CDM group 0, 1
39 2,3 CDM group 0, 1, 2
40 4,5 CDM group 0
41 4,5 CDM group 0, 1
42 4,5 CDM group 0, 1, 2
43 6,7 CDM group 0, 1
44 6,7 CDM group 0, 1, 2
45 8,9 CDM group 0, 1
46 8,9 CDM group 0, 1, 2
47 10, 11 CDM group 0, 1, 2
48 0,1,2 CDM group 0 can be removed or with different port number
such as 1, 2, 3
49 0,1,2 CDM group 0, 1 can be removed or with different port number
such as 1, 2, 3
50 0,1,2 CDM group 0, 1, 2 can be removed or with different port number
such as 1, 2, 3
51 4,5, 6 CDM group 0 can be removed or with different port number
such as 5, 6, 7
52 4,5, 6 CDM group 0, 1 can be removed or with different port number
such as 5, 6, 7
53 4,5,6 CDM group 0, 1, 2 can be removed or with different port number
such as 5, 6, 7
54 8,9, 10 CDM group 0, 1 can be removed or with different port number
such as 9, 10, 11
55 8,9, 10 CDM group 0, 1, 2 can be removed or with different port number
such as 9, 10, 11
56 0,1,2,3 CDM group 1
57 0,1,2,3 CDM group 1, 2
58 4,5,6,7 CDM group 0, 1
59 4,5,6,7 CDM group 0, 1, 2
60 8,9, 10, 11 CDM group 0, 1, 2

[0405] When using the DMRS port indexing method of
part j80 of FIG. 10B, it may be possible to derive Table 32-4
by applying Method 1 to Table 32-2.

TABLE 32-4
scheduled co-scheduled CDM
Index port(s) group(s) comment
0 0 No
1 0,1 No
2 0,1,2 No
3 0,1,2,3 No
4 0,1,2,3,4 No 2CW, can be moved to another row
5 0,1,2,3,4,5 No 2CW, can be moved to another row
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TABLE 32-4-continued

Index

scheduled
port(s)

co-scheduled CDM
group(s)

comment

49

50

51

52

53

54

55

56

57

58
59

0,1,2,3,4,5,6

No

0,1,2,3,4,5,6 7 No

O 001U BERDWWWRONNRE=SROOO

—_
—_ O

OOOOO\O\JAJAVJAI\JI\JI\JOOOH

[ =R = T N Y U U R U U e

=
> <
—
[

8,9, 10

8,9, 10

0,1,2,3
0,1,2,3
4,5,6,7
4,5,6,7
8,9, 10, 11

CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1, 2
CDM group 0, 1, 2
CDM group 0, 1, 2
CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1, 2
CDM group 0

CDM group 0, 1
CDM group 0, 1, 2
CDM group 0
CDM group 0, 1
CDM group 0, 1, 2
CDM group 0, 1
CDM group 0, 1, 2
CDM group 1
CDM group 1, 2
CDM group 0, 1

CDM group 0, 1, 2
CDM group 0, 1, 2

2CW, can be moved to another row
2CW, can be moved to another row

can be removed or with different port number
such as 1, 2, 3

can be removed or with different port number
such as 1, 2, 3

can be removed or with different port number
such as 1, 2, 3

can be removed or with different port number
such as 5, 6, 7

can be removed or with different port number
such as 5, 6, 7

can be removed or with different port number
such as 5, 6, 7

can be removed or with different port number
such as 9, 10, 11

can be removed or with different port number
such as 9, 10, 11
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When using the DMRS port indexing method of

part j120 of FIG. 10C, it may be possible to derive Table
32-5 by applying Method 1 to Table 32-1.

TABLE 32-5
scheduled co-scheduled CDM
Index port(s) group(s) comment
0 0 No
1 0,1 No
2 0,1,6 No
3 0,1,6,9 No
4 0,1,2,6,9 No 2CW, can be moved to another row
5 0,1,2,3,6,9 No 2CW, can be moved to another row
6 0,1,2,3,6,7,9 No 2CW, can be moved to another row
7 0,1,2,3,6,7,9, 10No 2CW, can be moved to another row
8 0 CDM group 0
9 0 CDM group 0, 1
10 0 CDM group 1
11 0 CDM group 1, 2
12 0 CDM group 0, 1, 2
13 1 CDM group 0
14 1 CDM group 0, 1
15 1 CDM group 0, 1, 2
16 2 CDM group 0, 1
17 2 CDM group 0, 1, 2
18 3 CDM group 0, 1
19 3 CDM group 0, 1, 2
20 4 CDM group 0, 1, 2
21 5 CDM group 0, 1, 2
22 6 CDM group 0
23 6 CDM group 0, 1
24 6 CDM group 0, 1, 2
25 7 CDM group 0, 1
26 7 CDM group 0, 1, 2
27 8 CDM group 0, 1, 2
28 9 CDM group 0
29 9 CDM group 0, 1
30 9 CDM group 0, 1, 2
31 10 CDM group 0, 1
32 10 CDM group 0, 1, 2
33 11 CDM group 0, 1, 2
34 0,1 CDM group 0
35 0,1 CDM group 0, 1
36 0,1 CDM group 0, 1, 2
37 2,3 CDM group 0
38 2,3 CDM group 0, 1
39 2,3 CDM group 0, 1, 2
40 4,5 CDM group 0, 1
41 4,5 CDM group 0, 1, 2
42 6,9 CDM group 0
43 6,9 CDM group 0, 1
44 6,9 CDM group 0, 1, 2
45 7,10 CDM group 0, 1
46 7, 10 CDM group 0, 1, 2
47 10, 11 CDM group 0, 1, 2
48 0,1,6 CDM group 0 can be removed or with different port number
such as 1, 2, 3
49 0,1,6 CDM group 0, 1 can be removed or with different port number
such as 1, 2, 3
50 0,1,6 CDM group 0, 1, 2 can be removed or with different port number
such as 1, 2, 3
51 2,3,7 CDM group 0 can be removed or with different port number
such as 5, 6, 7
52 2,3,7 CDM group 0, 1 can be removed or with different port number
such as 5, 6, 7
53 2,3,7 CDM group 0, 1, 2 can be removed or with different port number
such as 5, 6, 7
54 4,5,8 CDM group 0, 1 can be removed or with different port number
such as 9, 10, 11
55 4,5,8 CDM group 0, 1, 2 can be removed or with different port number
such as 9, 10, 11
56 0,1,6,9 CDM group 1
57 0,1,6,9 CDM group 1, 2
58 2,3,7,10 CDM group 0, 1
59 2,3,7,10 CDM group 0, 1, 2
60 4,5,8,11 CDM group 0, 1, 2
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47

When using the DMRS port indexing method of

part j120 of FIG. 10C, it may be possible to derive Table
32-6 by applying Method 1 to Table 32-2.

TABLE 32-6
scheduled co-scheduled CDM
Index port(s) group(s) comment
0 0 No
1 0,1 No
2 0,1,6 No
3 0,1,6,9 No
4 0,1,2,6,9 No 2CW, can be moved to another row
5 0,1,2,3,6,9 No 2CW, can be moved to another row
6 0,1,2,3,6,7,9 No 2CW, can be moved to another row
7 0,1,2,3,6,7,9, 10No 2CW, can be moved to another row
8 0 CDM group 0
9 0 CDM group 0, 1
10 0 CDM group 0, 1, 2
11 1 CDM group 0
12 1 CDM group 0, 1
13 1 CDM group 0, 1, 2
14 2 CDM group 0
15 2 CDM group 0, 1
16 2 CDM group 0, 1, 2
17 3 CDM group 0, 1
18 3 CDM group 0, 1, 2
19 4 CDM group 0, 1
20 4 CDM group 0, 1, 2
21 5 CDM group 0, 1, 2
22 6 CDM group 0
23 6 CDM group 0, 1
24 6 CDM group 0, 1, 2
25 7 CDM group 0, 1
26 7 CDM group 0, 1, 2
27 8 CDM group 0, 1, 2
28 9 CDM group 0
29 9 CDM group 0, 1
30 9 CDM group 0, 1, 2
31 10 CDM group 0, 1
32 10 CDM group 0, 1, 2
33 11 CDM group 0, 1, 2
34 0,1 CDM group 0
35 0,1 CDM group 0, 1
36 0,1 CDM group 0, 1, 2
37 2,3 CDM group 0
38 2,3 CDM group 0, 1
39 2,3 CDM group 0, 1, 2
40 4,5 CDM group 0, 1
41 4,5 CDM group 0, 1, 2
42 6,9 CDM group 0
43 6,9 CDM group 0, 1
44 6,9 CDM group 0, 1, 2
45 7,10 CDM group 0, 1
46 7, 10 CDM group 0, 1, 2
47 10, 11 CDM group 0, 1, 2
48 0,1,6 CDM group 0 can be removed or with different port number
such as 1, 2, 3
49 0,1,6 CDM group 0, 1 can be removed or with different port number
such as 1, 2, 3
50 0,1,6 CDM group 0, 1, 2 can be removed or with different port number
such as 1, 2, 3
51 2,3,7 CDM group 0 can be removed or with different port number
such as 5, 6, 7
52 2,3,7 CDM group 0, 1 can be removed or with different port number
such as 5, 6, 7
53 2,3,7 CDM group 0, 1, 2 can be removed or with different port number
such as 5, 6, 7
54 4,5,8 CDM group 0, 1 can be removed or with different port number
such as 9, 10, 11
55 4,5,8 CDM group 0, 1, 2 can be removed or with different port number
such as 9, 10, 11
56 0,1,6,9 CDM group 1
57 0,1,6,9 CDM group 1, 2
58 2,3,7,10 CDM group 0, 1
59 2,3,7,10 CDM group 0, 1, 2
60 4,5,8,11 CDM group 0, 1, 2
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[0408] When the symbol length is 1 or 2, the maximum
DMRS symbol length is set to 2. Accordingly, it is possible
to combine the one-symbol DMRS pattern Tables 31-1 to
31-5 and the two-symbol DMRS pattern Tables 32-3 to 32-6
into one table for indicating whether the number of symbols
is 1 or 2.
[0409] It should be noted that the indices may be mapped
in the opposite order in all of the tables of the above
embodiments. For example, it may be possible to map the
index 8 to a port after mapping the index O to a port in Table
30-1.
[0410] A description is now made of the UE operation for
interpreting the DMRS table according to the disclosed
DMRS typel/type2 and one-symbol and two-symbol DMRS
patterns.
[0411] As shown in FIG. 12, the UE receives DMRS
information at step k00. As described above, the DMRS
information may include DMRS type information (DL-
DMRS-config-type and UL-DMRS-config-type) and maxi-
mum DMRS symbol length (DL-DMRS-max-len and UL-
DMRS-max-len) configured by higher layers.
[0412] The UE interprets the DMRS Type information at
step k10. If the DMRS type information indicates DMRS
typel (DL-DMRS-config-type or UL-DMRS-config-type is
1), the UE interprets the maximum DMRS symbol length
information at step k20. If the DMRS type information
indicates DMRS type2 (DL-DMRS-config-type or
UL-DMRS-config-type is 2), the UE interprets the maxi-
mum DMRS symbol length information at step k30. If it is
determined at step k20 that the maximum DMRS symbol
length is set to 1 (DL-DMRS-max-len or UL-DMRS-max-
len is 1), the UE receives a DMRS table containing the
information associated with the DMRS typel one symbol
pattern. Otherwise, if it is determined that the maximum
DMRS symbol length is set to 2 (DL-DMRS-max-len or
UL-DMRS-max-len is 2), the UE receives a DMRS table
containing the information associated with the DMRS typel
one/two symbol pattern.
[0413] If it is determined at step k30 that the maximum
DMRS symbol length is set to 1 (DL-DMRS-max-len or
UL-DMRS-max-len is 1), the UE receives a DMRS table
containing information associated with the DMRS type2 one
symbol pattern. Otherwise, if it is determined that the
maximum DMRS symbol length is set to 2 (DL-DMRS-
max-len or UL-DMRS-max-len is 2), the UE receives a
DMRS table containing information associated with the
DMRS type2 one/two symbol pattern.
[0414] It should be noted that step k10 for interpreting the
DMRS type information and steps k20 and k30 for inter-
preting the maximum DMRS type information may be
performed in reverse order. The seventh embodiment is
directed to the methods for designing a DMRS table con-
taining information on the DMRS ports for a user co-
scheduled with the target user, particularly two methods as
follows:

[0415] Method 1: Include only co-scheduled DMRS

CDM group information; and
[0416] Method 2: Include co-scheduled DMRS port
information.

[0417] The seventh embodiment is directed to the DMRS
tables generated by the above two methods. Method 1 has a
shortcoming in that the UE cannot obtain accurate co-
scheduled DMRS port information but is advantageous in
terms of reduction of DMRS information signaling over-
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head. Method 2 is advantageous in that the UE is capable of
processing MU-MIMO interference efficiently with the
accurate co-scheduled DMRS port information but disad-
vantageous in terms of high DMRS information signaling
overhead because of a large number of MU-pairing cases.
[0418] In this respect, there may be a need of a method for
determining the DMRS table for Method 1 and Method 2
according to the DMRS type or maximum DMRS symbol
length as shown in FIG. 13. Part 110 of FIG. 13 depicts a
method for selecting a DMRS table determination method
according to the DMRS type. Typically, the number of
MU-pairings to be considered is large in the DMRS type2
because DMRS type2 supports up to 12 orthogonal DMRS
ports for MU-MIMO while DMRS typel supports up to 8
orthogonal DMRS ports for MU-MIMO.

[0419] Accordingly, it is possible to reduce the DMRS
signaling overhead by applying Method 1 for the case where
the configuration is made with DMRS type2. In the case
where the configuration is made with DMRS typel, it may
be possible to transmit the accurate co-scheduled DMRS
port information by applying Method 2. Part 120 of FIG. 13
shows a method for selecting a DMRS table determination
method based on a parameter such as DMRS type indicator
(DL-DMRS-config-type or UL-DMRS-config-type) defined
in RRC according to the agreement of 3GPP.

[0420] It may also be possible to consider an alternative
method for selecting a DMRS table determination method
according to the maximum DMRS symbol length. Part 130
of FIG. 13 depicts a DMRS table determination method
based on the maximum DMRS symbol length. Typically, the
two-symbol DMRS pattern has a large number of DMRS
ports twice that of the one-symbol DMRS pattern and, if
both the one-symbol and two-symbol DMRS patterns are
simultaneously transmitted, the signaling overhead
increases significantly. Accordingly, when the maximum
DMRS symbol length is set to 2, it is possible to reduce the
DMRS signaling overhead by applying Method 1. When the
maximum DMRS symbol length is set to 1, it is possible to
transmit the accurate co-scheduled DMRS port information
by applying Method 2. Part 140 of FIG. 13 shows a method
for selecting a DMRS table determination method based on
the signaling parameter such as the maximum DMRS sym-
bol length (DL-DMRS-max-len or UL-DMRS-max-len)
defined in RRC according to the agreement in 3GPP.
[0421] FIGS. 14 and 15 depict a UE and a gNB compris-
ing a transmitter, a receiver, and a processor each for
performing the operations described in the above embodi-
ments. The first to fourth embodiments are directed to the
methods for configuring DMRS patterns, generating DMRS
information at the gNB, and communicating between the
gNB and the UE. The receivers, processors, and transmitters
of the gNB and UE are configured to perform the above
herein described operations and methods.

[0422] FIG. 14 is a diagram of a UE, according to an
embodiment. As shown in FIG. 14, the UE includes a
receiver 1800, a transmitter 1804, and a processor 1802. The
receiver 1800 and the transmitter 1804 are herein collec-
tively referred to as transceiver. The transceiver may trans-
mit and receive signals to and from a gNB. The signals may
include control information and data. The transceiver may
include a radio frequency (RF) transmitter for frequency
up-converting and amplifying the signal to be transmitted
and an RF receiver for low noise amplifying and frequency
down-converting the received signal. The transceiver may
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output the signal received over a radio channel to the
processor 1802 and transmit the signal output from the
processor 1802 over the radio channel. The processor 1802
may control overall operations of the UE. For example, the
processor 1802 may control the receiver 1800 to receive a
reference signal transmitted by the gNB and interpret a
reference signal application scheme, as described above.
The transmitter 1804 may also transmit a reference signal.
[0423] FIG. 15 is a diagram of a gNB, according to an
embodiment. As shown in FIG. 15, the gNB includes a
receiver 1901, a transmitter 1905, and a processor 1903. The
receiver 1901 and the transmitter 1905 are herein collec-
tively referred to as transceiver. The transceiver may trans-
mit and receive signals to and from a UE. The signals may
include control information and data. The transceiver may
include an RF transmitter for frequency up-converting and
amplifying the signal to be transmitted and an RF receiver
for low noise amplifying and frequency down-converting
the received signal. The transceiver may output the signal
received over a radio channel to the processor 1903 and
transmit the signal output from the processor 1903 over the
radio channel. The processor 1903 may control overall
operations of the gNB. For example, the processor 1903 may
configure a reference signal pattern and generate informa-
tion on the reference signal to be transmitted to the UE. The
transmitter 1905 may transmit the reference signal informa-
tion to the UE, and the receiver 1901 may receive a reference
signal transmitted by the UE.

[0424] As described above, the DMRS generation and
DMRS information signaling method of the disclosure is
advantageous over conventional DMRS signaling methods
typically used in 3GPP/4GPP communication by utilizing
radio resources efficiently.

[0425] While the disclosure has been shown and described
with reference to certain embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing
from the scope of the disclosure. Therefore, the scope of the
disclosure should not be defined as being limited to the
embodiments, but should be defined by the appended claims
and equivalents thereof.

What is claimed is:
1. A method of a terminal in a wireless communication
system, the method comprising:
identifying demodulation reference signal (DMRS) type
information and DMRS symbol length information;
identifying port number information for receiving a
DMRS; and
receiving the DMRS based on the DMRS type informa-
tion, the DMRS symbol length information and port
number information,
wherein the port number information indicates a port
number for the terminal in DMRS information includ-
ing parameters for code division multiplexing (CDM)
group information, offset information, frequency-do-
main orthogonal cover code (OCC) information, and
time-domain OCC information corresponding respec-
tively to multiple port numbers, and
wherein the DMRS information is defined per DMRS
type.
2. The method of claim 1, wherein the DMRS symbol
length information indicates a DMRS symbol length of 1 or
2.
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3. The method of claim 1, wherein the DMRS type
information and the DMRS symbol length information are
identified using a radio resource control (RRC) message.

4. The method of claim 1, wherein the port number
information is identified using downlink control information
(DCD).

5. The method of claim 1, wherein receiving the DMRS
further comprises:

identifying the CDM group information, the offset infor-

mation, the frequency-domain OCC information, and
time-domain OCC information corresponding to the
indicated port number for the terminal in the DMRS
information; and

receiving the DMRS based on the identified information.

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

a transceiver; and

a controller operably connected to the transceiver and

configured to identified demodulation reference signal
(DMRS) type information and DMRS symbol length
information, identified port number information for
receiving a DMRS, and control the transceiver to
receive the DMRS based on the DMRS type informa-
tion, the DMRS symbol length information and port
number information,

wherein the port number information indicates a port

number for the terminal in DMRS information includ-
ing parameters for code division multiplexing (CDM)
group information, offset information, frequency-do-
main orthogonal cover code (OCC) information, and
time-domain OCC information corresponding respec-
tively to multiple port numbers, and

wherein the DMRS information is defined per DMRS

type.

7. The method of claim 6, wherein the DMRS symbol
length information indicates a DMRS symbol length of 1 or
2.

8. The method of claim 6, wherein the DMRS type
information and the DMRS symbol length information are
identified using a radio resource control (RRC) message.

9. The method of claim 6, wherein the port number
information is identified using downlink control information
(DCD).

10. The method of claim 6, wherein controller is further
configured to identify the CDM group information, the offset
information, the frequency-domain OCC information, and
time-domain OCC information corresponding to the indi-
cated port number for the terminal in the DMRS informa-
tion, and control the transceiver to receive the DMRS.

11. A method of a base station in a wireless communica-
tion system, the method comprising:

transmitting a first message associated with demodulation

reference signal (DMRS) type information and DMRS
symbol length information;

transmitting a second message including port number

information for receiving a DMRS by a terminal; and
transmitting the DMRS to the terminal based on the
information included in the first and second messages,
wherein the port number information indicates a port
number for the terminal in DMRS information includ-
ing parameters for code division multiplexing (CDM)
group information, offset information, frequency-do-
main orthogonal cover code (OCC) information, and
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time-domain OCC information corresponding respec-
tively to multiple port numbers, and

wherein the DMRS information is defined per DMRS

type.

12. The method of claim 11, wherein the DMRS symbol
length information indicates a DMRS symbol length of 1 or
2.

13. The method of claim 11, wherein the DMRS is
received by the terminal based on the port number informa-
tion for the terminal which is identified based on the second
message and the CDM group information, the offset infor-
mation, the frequency-domain OCC information, and time-
domain OCC information corresponding to the port number
for the terminal which are identified in the DMRS informa-
tion.

14. The method of claim 11, wherein the first message is
a radio resource control (RRC) message.

15. The method of claim 11, wherein the second message
is transmitted via downlink control information (DCI).

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

a transceiver, and

a controller operably connected to the transceiver and

configured to control the transceiver to transmit a first
message associated with demodulation reference signal
(DMRS) type information and DMRS symbol length
information, transmit a second message including port
number information for receiving a DMRS by a termi-

50
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nal, and transmit the DMRS to the terminal based on
the information included in the first and second mes-
sages,

wherein the port number information indicates a port

number for the terminal in DMRS information includ-
ing parameters for code division multiplexing (CDM)
group information, offset information, frequency-do-
main orthogonal cover code (OCC) information, and
time-domain OCC information corresponding respec-
tively to multiple port numbers, and

wherein the DMRS information is defined per DMRS

type.

17. The base station of claim 16, wherein the DMRS
symbol length information indicates a DMRS symbol length
of 1 or 2.

18. The base station of claim 16, wherein the DMRS is
received by the terminal based on the port number informa-
tion for the terminal which is identified based on the second
message and the CDM group information, the offset infor-
mation, the frequency-domain OCC information, and time-
domain OCC information corresponding to the port number
for the terminal which are identified in the DMRS informa-
tion.

19. The base station of claim 16, wherein the first message
is a radio resource control (RRC) message.

20. The base station of claim 16, wherein the second
message is transmitted via downlink control information
(DCD).
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