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1
HIGH-ORDER MULTIPLE-USER
MULTIPLE-INPUT MULTIPLE-OUTPUT
OPERATION FOR WIRELESS
COMMUNICATION SYSTEMS

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

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

[The present application] 7his application is an applica-
tion for reissue of U.S. Pat. No. 9,019,924 issued Apr. 28,
2015 on U.S. patent application Ser. No. 13/841,791 filed
Mar. 15, 2013, which claims priority to U.S. Provisional
Patent Application Ser. No. 61/620,318, filed Apr. 4, 2012,
[entitled “METHODS AND APPARATUS FOR SUPPORT-
ING HIGH-ORDER MU-MIMO OPERATION FOR
WIRELESS COMMUNICATIONS SYSTEM™] and U.S.
Provisional Patent Application Ser. No. 61/668,877, filed
Jul. 6, 2012, entitled “METHODS AND APPARATUS
FOR SUPPORTING HIGH-ORDER MU-MIMO OPERA-
TION FOR WIRELESS COMMUNICATIONS SYS-
TEM”]. The content of the above-identified patent docu-
ments is incorporated herein by reference.

TECHNICAL FIELD

The present application relates generally to multiple-user
(MU) multiple-input multiple-output (MIMO) wireless
communication systems and, more specifically, to tech-
niques for enabling and supporting high order MU-MIMO
operation for wireless communication systems.

BACKGROUND

In radio, MU-MIMO is a set of MIMO techniques that use
multiple independent terminals (e.g., user equipments
(UEs)) in order to enhance the communication capabilities
of each UE. Standards limit the number of UEs that are
supported by MU-MIMO. For example, in release 10 of the
3GPP LTE, only four MU-MIMO users may be supported.

Accordingly, there is a need for techniques for enabling
and supporting high order MU-MIMO operation for wireless
communication systems.

SUMMARY

Embodiments of the present disclosure provide methods
and apparatuses to schedule resources and identify resource
scheduling in a MU-MIMO wireless communication sys-
tem.

In one embodiment, a method for identifying resource
scheduling for a UE in a multiple-user multiple-input mul-
tiple-output wireless communication system is provided.
The method includes receiving downlink control informa-
tion. The method includes identifying, from the downlink
control information, one or more DM-RS ports assigned to
the UE and a PDSCH EPRE to DM-RS EPRE ratio. Addi-
tionally, the method includes identifying data intended for
the UE in a resource block in a downlink subframe using the
one or more DM-RS ports and the PDSCH EPRE to DM-RS
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EPRE ratio. The resource block in the downlink subframe
includes data for multiple users in the wireless communi-
cation system.

In another embodiment, a method for scheduling
resources in a multiple-user multiple-input multiple-output
wireless communication system is provided. The method
includes identifying one or more DM-RS ports to assign to
a UE and a PDSCH EPRE to DM-RS EPRE ratio for
identifying data intended for the UE in a resource block in
a downlink subframe. Additionally, the method includes
including an indication of the one or more DM-RS ports and
the PDSCH EPRE to DM-RS EPRE ratio in downlink
control information. The resource block in the downlink
subframe includes data for multiple users in the wireless
communication system.

In yet another embodiment, an apparatus configured to
identify resource scheduling for a UE in a multiple-user
multiple-input multiple-output wireless communication sys-
tem is provided. The apparatus includes a receiver config-
ured to receive downlink control information and a control-
ler. The controller is configured to identify, from the
downlink control information, one or more DM-RS ports
assigned to the UE and a PDSCH EPRE to DM-RS EPRE
ratio. Additionally, the controller is configured to identify
data intended for the UE in a resource block in a downlink
subframe using the one or more DM-RS ports and the
PDSCH EPRE to DM-RS EPRE ratio. The resource block in
the downlink subframe includes data for multiple users in
the wireless communication system.

In another embodiment, an apparatus configured to sched-
ule resources in a multiple-user multiple-input multiple-
output wireless communication system is provided. The
apparatus includes a transmitter and a controller. The con-
troller is configured to identify one or more DM-RS ports to
assign to a UE and a PDSCH EPRE to DM-RS EPRE ratio
for identifying data intended for the UE in a resource block
in a downlink subframe. Additionally, the controller is
configured to control the transmitter to include an indication
of the one or more DM-RS ports and the PDSCH EPRE to
DM-RS EPRE ratio in downlink control information. The
resource block in the downlink subframe includes data for
multiple users in the wireless communication system.

Before undertaking the DETAILED DESCRIPTION
below, it may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” is inclusive, meaning and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
thereof, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “control-
ler” means any device, system or part thereof that controls
at least one operation, such a device may be implemented in
hardware, firmware or software, or some combination of at
least two of the same. It should be noted that the function-
ality associated with any particular controller may be cen-
tralized or distributed, whether locally or remotely. Defini-
tions for certain words and phrases are provided throughout
this patent document, those of ordinary skill in the art should
understand that in many, if not most instances, such defini-
tions apply to prior, as well as future uses of such defined
words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the
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following description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

FIG. 1 illustrates an exemplary wireless system which
transmits messages in accordance with an illustrative
embodiment of the present disclosure;

FIG. 2A illustrates a high-level diagram of an orthogonal
frequency division multiple access transmit path in accor-
dance with an illustrative embodiment of the present dis-
closure;

FIG. 2B illustrates a high-level diagram of an orthogonal
frequency division multiple access receive path in accor-
dance with an illustrative embodiment of the present dis-
closure;

FIG. 3 illustrates a block diagram of a transmitter and a
receiver in a wireless communication system that may be
used to implement various embodiments of the present
disclosure;

FIGS. 4A-C illustrate examples of orthogonal or semi-
orthogonal MU-MIMO multiplexing in accordance with
embodiments of the present disclosure;

FIG. 5 illustrates a signaling pattern for MU-MIMO
multiplexing using ports of the same CDM group in accor-
dance with various embodiments of the present disclosure;

FIG. 6 illustrates an example of orthogonal or semi-
orthogonal MU-MIMO multiplexing where the PDSCH
EPRE to DM-RS EPRE ratio is assumed to be 0 dB in
accordance with embodiments of the present disclosure;

FIG. 7 illustrates a block diagram of a UE capable of
performing advanced multiple-user interference cancella-
tion and/or suppression in accordance with illustrative
embodiments of the present disclosure;

FIG. 8 illustrates an indication of resource assignments
for a UE having an overlapping allocation of resource blocks
in accordance with various embodiments of the present
disclosure;

FIG. 9 illustrates a process for identifying resource sched-
uling for a UE in a multiple-user multiple-input multiple-
output wireless communication system in accordance with
various embodiments of the present disclosure; and

FIG. 10 illustrates a process for scheduling resources in a
multiple-user multiple-input multiple-output wireless com-
munication system in accordance with various embodiments
of the present disclosure.

DETAILED DESCRIPTION

FIGS. 1 through 10, discussed below, and the various
embodiments used to describe the principles of the present
disclosure in this patent document are by way of illustration
only and should not be construed in any way to limit the
scope of the disclosure. Those skilled in the art will under-
stand that the principles of the present disclosure may be
implemented in any suitably arranged system or device.

The following documents and standards descriptions are
hereby incorporated into the present disclosure as if fully set
forth herein: 3GPP TS 36.211 v10.3.0, “E-UTRA, Physical
channels and modulation;” 3GPP TS 36.212 v10.3.0,
“E-UTRA, Multiplexing and Channel coding;” 3GPP TS
36.213 v10.3.0, “E-UTRA, Physical Layer Procedures;” and
3GPP TS 36.214 v10.1.0, “E-UTRA, Physical Layer Mea-
surement.” The present application also incorporates by
reference US Patent Application Publication No. 2010/
0195599.

Embodiments of the present disclosure recognize that in
the release 10 3GPP LIE demodulation reference signal
(DM-RS) pattern, DM-RS ports 7, 8, 11, and 13 are trans-
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4

mitted in the same set of resource elements (REs) with code
division multiplexing (CDM) group 1, whereas DM-RS
ports 9, 10, 12, and 14 are transmitted in a different set of
REs with CDM group 2. In release 10, LTE supports up to
4 MU-MIMO users in principle, each user up to rank 2 in a
transparent manner. However, MU is optimized for rank 1
transmission to each user where only two orthogonal ports
(e.g., ports 7 and 8—both located in CDM group 1) are used
for MU-MIMO transmission. Unless the release 10 or 11 UE
is also assigned port(s) in CDM group 2, the release 10 or
11 UEs assume REs of port(s) belonging to the CDM group
2 are used for data transmission as well. Additionally, it may
not be possible to assign rank 1 or rank 2 users to CDM
group 2 using the control signaling supported in release 10.

Embodiments of the present disclosure recognize that
advanced wireless communication systems (e.g., such as a
“Massive MIMO System” or a “Full-Dimension MIMO
(FD-MIMO) System™) may utilize a high number of antenna
elements at the base station tower for beamforming.
Embodiments of the present disclosure also recognize that as
the number of antenna elements at the base station tower for
beamforming increases, so too does the number of users that
can be simultaneously served.

Accordingly, embodiments of the present disclosure pro-
vide methods and apparatuses to enable, support, and facili-
tate a high order MU-MIMO operation. In particular,
embodiments of the present disclosure provide methods and
apparatuses to schedule resources and identify resource
scheduling in a MU-MIMO wireless communication sys-
tem. Additionally, embodiments of the present disclosure
recognize that signaling overhead and interference between
UEs may cause limitations in the number of users that may
be efficiently supported in a MU-MIMO wireless commu-
nication system. Accordingly, embodiments of the present
disclosure provide methods and apparatuses to efficiently
manage signaling overhead and interference between UEs to
enable, support, and facilitate a high order MU-MIMO
operation.

FIGS. 1-3 below describe various embodiments imple-
mented in wireless communication systems and with the use
of OFDM or OFDMA communication techniques. The
description of FIGS. 1-3 is not meant to imply physical or
architectural limitations to the manner in which different
embodiments may be implemented. Different embodiments
of the present disclosure may be implemented in any suit-
ably arranged communications system.

FIG. 1 illustrates exemplary wireless system 100, which
transmits messages according to the principles of the present
disclosure. In the illustrated embodiment, wireless system
100 includes transmission points (e.g., an Evolved Node B
(eNB), Node B), such as base station (BS) 101, base station
(BS) 102, base station (BS) 103, and other similar base
stations or relay stations (not shown). Base station 101 is in
communication with base station 102 and base station 103.
Base station 101 is also in communication with Internet 130
or a similar IP-based system (not shown).

Base station 102 provides wireless broadband access (via
base station 101) to Internet 130 to a first plurality of UEs
(e.g., mobile phone, mobile station, subscriber station)
within coverage area 120 of base station 102. The first
plurality of UEs includes UE 111, which may be located in
a small business (SB); UE 112, which may be located in an
enterprise (E); UE 113, which may be located in a WiFi
hotspot (HS); UE 114, which may be located in a first
residence (R); UE 115, which may be located in a second
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residence (R); and UE 116, which may be a mobile device
(M), such as a cell phone, a wireless laptop, a wireless PDA,
or the like.

Base station 103 provides wireless broadband access (via
base station 101) to Internet 130 to a second plurality of UEs
within coverage area 125 of base station 103. The second
plurality of UEs includes UE 115 and UE 116. In an
exemplary embodiment, base stations 101-103 may com-
municate with each other and with UE 111-116 using OFDM
or OFDMA techniques.

While only six UEs are depicted in FIG. 1, it is understood
that wireless system 100 may provide wireless broadband
access to additional UEs. It is noted that UE 115 and UE 116
are located on the edges of both coverage area 120 and
coverage area 125. UE 115 and UE 116 each communicate
with both base station 102 and base station 103 and may be
said to be operating in handoff mode, as known to those of
skill in the art.

UEs 111-116 may access voice, data, video, video con-
ferencing, and/or other broadband services via Internet 130.
In an exemplary embodiment, one or more of UEs 111-116
may be associated with an access point (AP) of a WiFi
WLAN. UE 116 may be any of a number of mobile devices,
including a wireless-enabled laptop computer, personal data
assistant, notebook, handheld device, or other wireless-
enabled device. UEs 114 and 115 may be, for example, a
wireless-enabled personal computer (PC), a laptop com-
puter, a gateway, or another device.

FIG. 2A is a high-level diagram of transmit path circuitry
200. For example, the transmit path circuitry 200 may be
used for an orthogonal frequency division multiple access
(OFDMA) communication. FIG. 2B is a high-level diagram
of receive path circuitry 250. For example, the receive path
circuitry 250 may be used for an orthogonal frequency
division multiple access (OFDMA) communication. In
FIGS. 2A and 2B, for downlink communication, the transmit
path circuitry 200 may be implemented in base station (BS)
102 or a relay station, and the receive path circuitry 250 may
be implemented in a UE (e.g. UE 116 of FIG. 1). In other
examples, for uplink communication, the receive path cir-
cuitry 250 may be implemented in a base station (e.g. base
station 102 of FIG. 1) or a relay station, and the transmit path
circuitry 200 may be implemented in a UE (e.g. UE 116 of
FIG. 1).

Transmit path circuitry 200 comprises channel coding and
modulation block 205, serial-to-parallel (S-to-P) block 210,
Size N Inverse Fast Fourier Transform (IFFT) block 215,
parallel-to-serial (P-to-S) block 220, add cyclic prefix block
225, and up-converter (UC) 230. Receive path circuitry 250
comprises down-converter (DC) 255, remove cyclic prefix
block 260, serial-to-parallel (S-to-P) block 265, Size N Fast
Fourier Transform (FFT) block 270, parallel-to-serial (P-to-
S) block 275, and channel decoding and demodulation block
280.

At least some of the components in FIGS. 2A and 2B may
be implemented in software, while other components may
be implemented by configurable hardware or a mixture of
software and configurable hardware. In particular, it is noted
that the FFT blocks and the IFFT blocks described in this
disclosure document may be implemented as configurable
software algorithms, where the value of Size N may be
modified according to the implementation.

Furthermore, although this disclosure is directed to an
embodiment that implements the Fast Fourier Transform
and the Inverse Fast Fourier Transform, this is by way of
illustration only and should not be construed to limit the
scope of the disclosure. It will be appreciated that in an
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alternate embodiment of the disclosure, the Fast Fourier
Transform functions and the Inverse Fast Fourier Transform
functions may easily be replaced by Discrete Fourier Trans-
form (DFT) functions and Inverse Discrete Fourier Trans-
form (IDFT) functions, respectively. It will be appreciated
that for DFT and IDFT functions, the value of the N variable
may be any integer number (i.e., 1, 2, 3, 4, etc.), while for
FFT and IFFT functions, the value of the N variable may be
any integer number that is a power of two (i.e., 1,2, 4, 8, 16,
etc.).

In transmit path circuitry 200, channel coding and modu-
lation block 205 receives a set of information bits, applies
coding (e.g., Turbo coding) and modulates (e.g., Quadrature
Phase Shift Keying (QPSK) or Quadrature Amplitude
Modulation (QAM)) the input bits to produce a sequence of
frequency-domain modulation symbols. Serial-to-parallel
block 210 converts (i.e., de-multiplexes) the serial modu-
lated symbols to parallel data to produce N parallel symbol
streams where N is the IFFT/FFT size used in BS 102 and
UE 116. Size N IFFT block 215 then performs an IFFT
operation on the N parallel symbol streams to produce
time-domain output signals. Parallel-to-serial block 220
converts (i.e., multiplexes) the parallel time-domain output
symbols from Size N IFFT block 215 to produce a serial
time-domain signal. Add cyclic prefix block 225 then inserts
a cyclic prefix to the time-domain signal. Finally, up-
converter 230 modulates (i.e., up-converts) the output of add
cyclic prefix block 225 to RF frequency for transmission via
a wireless channel. The signal may also be filtered at
baseband before conversion to RF frequency.

The transmitted RF signal arrives at UE 116 after passing
through the wireless channel, and reverse operations to those
at BS 102 are performed. Down-converter 255 down-con-
verts the received signal to baseband frequency, and remove
cyclic prefix block 260 removes the cyclic prefix to produce
the serial time-domain baseband signal. Serial-to-parallel
block 265 converts the time-domain baseband signal to
parallel time-domain signals. Size N FFT block 270 then
performs an FFT algorithm to produce N parallel frequency-
domain signals. Parallel-to-serial block 275 converts the
parallel frequency-domain signals to a sequence of modu-
lated data symbols. Channel decoding and demodulation
block 280 demodulates and then decodes the modulated
symbols to recover the original input data stream.

Each of base stations 101-103 may implement a transmit
path that is analogous to transmitting in the downlink to UEs
111-116 and may implement a receive path that is analogous
to receiving in the uplink from UEs 111-116. Similarly, each
one of UEs 111-116 may implement a transmit path corre-
sponding to the architecture for transmitting in the uplink to
base stations 101-103 and may implement a receive path
corresponding to the architecture for receiving in the down-
link from base stations 101-103.

FIG. 3 illustrates a block diagram of a transmitter 305 and
a receiver 310 in a wireless communication system that may
be used to implement various embodiments of the present
disclosure. In this illustrative example, the transmitter 305
and the receiver 310 are devices at a communication point
in a wireless communications system, such as, for example,
wireless system 100 in FIG. 1. In some embodiments, the
transmitter 305 or the receiver 310 may be a network entity,
such as a base station, e.g., evolved node B (eNB), or
remote-radio head, a relay station, or underlay base station;
gateway (GW); or base station controller (BSC). In other
embodiments, the transmitter 305 or the receiver 310 may be
a UE (e.g., mobile station, subscriber station, etc.). In one
example, the transmitter 305 or the receiver 310 is an
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example of one embodiment of the UE 116 in FIG. 1. In
another example, the transmitter 305 or the receiver 310 is
an example of one embodiment of the base station 102 in
FIG. 1.

The transmitter 305 comprises antenna array 315, phase
shifters 320, TX processing circuitry 325, and controller
330. The transmitter 305 receives analog or digital signals
from outgoing baseband data. Transmitter 305 encodes,
multiplexes, and/or digitizes the outgoing baseband data to
produce a processed RF signal that is sent and/or transmitted
via transmitter 305. For example, the TX processing cir-
cuitry 325 may implement a transmit path that is analogous
to the transmit processing circuitry 200 in FIG. 2. Trans-
mitter 305 may also perform spatial multiplexing via layer
mapping to different antennas in antenna array 315 to
transmit signals in multiple different beams. The controller
330 controls the overall operation of transmitter 305. In one
such operation, controller 330 controls the transmission of
signals by the transmitter 305, in accordance with well-
known principles.

Receiver 310 receives from antenna(s) 335 an incoming
RF signal or signals transmitted by one or more transmission
points, such as base stations, relay stations, remote radio
heads, UEs, etc. Receiver 310 includes RX processing
circuitry 345 that processes the received signal(s) to identify
the information transmitted by the transmission point(s). For
example, the Rx processing circuitry 345 may down-convert
the incoming RF signal(s) to produce an intermediate fre-
quency (IF) or a baseband signal by channel estimating,
demodulating, stream separating, filtering, decoding, and/or
digitizing the received signal(s). For example, the Rx pro-
cessing circuitry 345 may implement a receive path that is
analogous to the receive processing circuitry 250 in FIG. 2B.
The controller 350 controls the overall operation of the
receiver 310. In one such operation, the controller 350
controls the reception of signals by the receiver 310, in
accordance with well-known principles.

The illustration of transmitter 305 and receiver 310 illus-
trated in FIG. 3 is for the purposes of illustrating one
embodiment in which embodiments of the present disclosure
may be implemented. Other embodiments of the transmitter
305 and the receiver 310 could be used without departing
from the scope of this disclosure. For example, the trans-
mitter 305 may be located in communication node (e.g., BS,
UT, RS, and RRH) that also includes a receiver, such as
receiver 310. Similarly, the receiver 310 may be located in
communication node (e.g., BS, UE, RS, and RRH) that also
includes a transmitter, such as transmitter 305. Antennas in
the TX and RX antenna arrays in this communication node
may overlap or be the same antenna arrays used for trans-
mission and reception via one or more antenna switching
mechanisms.

In release 10 LIE, up to four MU-MIMO users may be
supported in principle. For example, each user up to rank 2
and only two orthogonal ports (e.g., ports 7 and 8) may be
used for MU-MIMO transmission.

For high-order MU-MIMO, the number of users simul-
taneously served by the BS can be increased significantly
(e.g., 8, 10, 16, etc.). To enhance own channel estimation
quality and also to enable MU interference suppression/
cancellation, the number of orthogonal ports for MU-MIMO
transmission can be increased, for example, to eight. To
achieve this, eight orthogonal DM-RS ports (e.g., ports
7-14) are provided where the pseudorandom sequence gen-
erator is initialized according to equation 1 below.

Coi=(|0g/2 ]+ 1) (2N 1) 2 g oy (Equation 1)
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where C,,,, is the initialization value of the scrambling
sequence, N, is the cell identifier (ED) and ng,, is the
scrambling code. The scrambling sequence itself can be
generated according to 3GPP TS 36.211 §6.10.3.1. As each
DM-RS port has two scrambling IDs (N,,°7), two semi-
orthogonal DM-RS resources are provided and the total
number of users that can be simultaneously served by the
base station is 16, with a rank 1 transmission to each user.
If the cell identifier in the DM-RS pseudorandom sequence
generation initialization is replaced with a parameter “x”,
which is configurable by the network entity, (e.g. by an
RRC) then the total number of users that can be simultane-
ously served by the base station can be further increased.

FIGS. 4A-C illustrate examples of orthogonal or semi-
orthogonal MU-MIMO multiplexing in accordance with
embodiments of the present disclosure. FIG. 4A illustrates a
frequency resource for two RS orthogonally or semi-or-
thogonally multiplexed to provide one reference signal per
UE to two UEs and the corresponding multiplexing of the
frequency resources for the data intended for the respective
UEs. FIG. 4B illustrates two frequency resources used for
two RSs for three UEs with data intended for the respective
UEs orthogonally or semi-orthogonally multiplexed among
the frequency resources for data. FIG. 4C illustrates two
frequency resources for eight RSs orthogonally or semi-
orthogonally multiplexed to provide reference signals to
eight UEs. The data for the UEs is orthogonally or semi-
orthogonally multiplexed among the frequency resources for
data. In various embodiments, the network entity may assign
the DM-RS resources such that UEs with relatively higher
inter-user interference have orthogonal DM-RS resources,
while UEs with relatively low inter-user interference may be
assigned DM-RS resources that are semi-orthogonal.

FIG. 5 illustrates a signaling pattern for MU-MIMO
multiplexing using ports of a same CDM group in accor-
dance with various embodiments of the present disclosure.
To facilitate MU-MIMO multiplexing between UEs, various
embodiments include assignment of ports belonging to a
same CDM group (e.g., ports 11 and 13). In other words, in
one physical resource block (PRB), the DM-RS ports used
by the network entity for MU-MIMO multiplexing may
include only ports of the same CDM group, for example,
ports 7, 8, 11, and 13 as illustrated in FIG. 5, while the ports
belonging to different CDM group (e.g., ports 9, 10, 12, and
14) are not transmitted, and the corresponding REs may be
used for data transmission. An additional advantage of this
design is that the overhead for the DM-RS may be reduced.

Additionally, this design also does not impact the PDSCH
EPRE to DM-RS EPRE ratio assumed by legacy UEs (e.g.,
assumed to be 0 dB). The high order MU-MIMO UEs can
also assume that the PDSCH EPRE to DM-RS EPRE ratio
is 0 dB. For example, FIG. 6 illustrates an example of
orthogonal or semi-orthogonal MU-MIMO multiplexing
where the PDSCH EPRE to DM-RS EPRE ratio is assumed
to be 0 dB in accordance with embodiments of the present
disclosure.

In some embodiments, the resource elements for the UEs
may be multiplexed using only two ports (e.g., ports 7 and
8), for example, by assigning different scrambling ID for
different UEs assigned the same DM-RS port.

Additionally, in various embodiments, DM-RS ports of
CDM group 2 may be used for MU-MIMO multiplexing by
the network entity if one or more DM-RS ports of CDM
group 1 are also used. In one example, if a UE is assigned
only port(s) from CDM group 2, the UE may assume that the
REs corresponding to the DM-RS of CDM group 1 are not
used for data transmission. This use of DM-RS ports of
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CDM group 2 also enables a UE to be multiplexed with a
legacy UE that is assigned with rank that is greater than 2.

In various embodiments, the network entity may provide
control signaling to indicate the scheduling of the resources
to support the high-order MU-MIMO operations of the
present disclosure. The control signaling provided by the
network entity may include at least one and possibly more
of: the DM-RS Port(s) assigned to the UE; a physical
downlink shared channel (PDSCH) energy per resource
element (EPRE) to DM-RS EPRE ratio; whether rate match-
ing around unassigned port(s) in another DM-RS CDM
group should be applied; and the existence of interfering
UEs.

The PDSCH EPRE to DM-RS EPRE ratio is a ratio of the
average power of the signal intended for the UE compared
with the average power of another signal that may be present
in the resource element. For example, a signal in a resource
element intended for a UE may be separated and distin-
guished from a signal in the same resource element that is
intended to convey different information than the other
signal based on the PDSCH EPRE to DM-RS EPRE ratio
(e.g., a =3 dB average power difference between the signals).
Even if UE is assigned 2 or less than 2 layers, other DM-RS
CDM groups may be assigned to other UEs. If the UE is not
assigned any ports belonging to a DM-RS CDM group, the
control signaling may indicate whether the UE should
assume data is mapped to the REs of that DM-RS CDM
group or not (e.g., whether rate matching around unassigned
port(s) in another DM-RS CDM group should be applied).
The control signaling may also indicate the existence of
interfering UEs. For example, the control signaling from the
network entity may indicate whether the DM-RS port(s) not
assigned to the UE is assigned to another UE. The explicit
signaling of interfering UEs may avoid the need for the UE
to use blind detection of the existence of an interfering UE.

In various embodiments, the network entity may enable
dynamic single user (SU) and MU scheduling. For example,
a base station may provide dynamic control signaling (e.g.
provided in a downlink control information (DCI) format)
which can be supported to indicate whether SU or MU
scheduling is being used.

Indicating the DM-RS ports, the PDSCH EPRE to DM-
RS EPRE ratio, rate matching, and the existence of inter-
fering UEs may require significant signaling overhead to
fully support and enable MU-MIMO operation. Various
embodiments utilize signaling techniques to reduce the
signaling overhead associated with implementing the MU-
MIMO operation of the present disclosure. For example, in
some embodiments, the network entity may only assign each
MU-MIMO UE up to rank 2 spatial multiplexing and may
jointly code the power offset and rate matching. For
example, a single bit field may jointly indicate the power
offset and rate matching assumption. In one illustrative
embodiment, the network entity may introduce or reuse one
bit from an existing bit in the DCI format to indicate the
power offset and rate matching, for example, as shown in
Table 1 below. In another example, this information can be
jointly encoded with other fields, for example, a bit field
used to indicate antenna port(s), scrambling identity, and/or
number of layers may also be used to jointly indicate the
power offset and/or rate matching assumption.
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10
TABLE 1

Power offset and rate matching signaling

PDSCH EPRE Rate matching
Signaled to DM-RS around not assigned
value EPRE ratio CDM group
0 0dB No
1 -3 dB Yes

In some embodiments, if the UE is assigned port(s) that
are not DM-RS ports 7 and/or 8, the UE may assume that the
PDSCH EPRE-to-DM-RS EPRE ratio of -3 dB and rate
matching applied when receiving PDSCH in the assigned
resource blocks. If UE is assigned ports 7 and/or 8, the
network entity may provide additional signaling to indicate
what PDSCH EPRE-to-DM-RS EPRE ratio and rate match-
ing are to be assumed.

In other embodiments, if UE is assigned port(s) that do
not belong to DM-RS CDM group 1, the UE may assume a
PDSCH EPRE-to-DM-RS EPRE ratio of -3 dB and rate
matching around REs belonging to DM-RS CDM group 1
when receiving PDSCH in the assigned resource blocks. If
UE is only assigned ports in CDM group 1 and not in CDM
group 2, the network entity may provide additional signaling
to indicate what PDSCH EPRE to DM-RS EPRE ratio and
whether rate matching around REs belonging to CDM group
2 are to be assumed. In these embodiments, DM-RS CDM
group 1 is implicitly prioritized for assignment.

In one example, the baseline DCI format design can be
similar to DCI format 2C in release 10, with at least the
following exception: the bit field used for joint coding of
antenna port(s), scrambling identity and number of layers is
extended to allow enhanced support for MU-MIMO (see
e.g., Tables 2 and 3 where 5 bits are used). One example of
the DM-RS mapping as described above is also illustrated in
these tables. For example, for one codeword transmission,
the power offset and rate matching can be indicated by an
existing field reserved for the second codeword, (e.g. the
New Data Indicator (NDI) of the disabled TB). One example
of the extension of bit field used for joint coding of antenna
port(s), scrambling identity, and number of layers for one
codeword transmission is illustrated in Table 2 below.

TABLE 2

One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

Value Message

0 1 layer, port 7, ngeyp = 0

1 1 layer, port 7, ngezp = 1

2 1 layer, port 8, ngeyp =0

3 1 layer, port 8, ngeyp =1

4 2 layers, ports 7-8, Ngryp = 0
5 3 layers, ports 7-9 (-3 dB PO)
6 4 layers, ports 7-10 (-3 dB PO)
7 1 layer, port 9, ngeyp = 0

8 1 layer, port 9, ngeyp = 1

9 1 layer, port 10, ngeyp = 0
10 1 layer, port 10, ngeyp = 1

11 1 layer, port 11, ngeyp = 0
12 1 layer, port 11, ngeyp = 1
13 1 layer, port 12, ngeyp = 0
14 1 layer, port 12, ngeyp =1
15 1 layer, port 13, gy = 0
16 1 layer, port 13, ngeyp =1
17 1 layer, port 14, ngeyp = 0
18 1 layer, port 14, ngeyp = 1
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TABLE 2-continued

12
TABLE 3-continued

One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

Two Codewords:
Codeword O enabled,
Codeword 1 enabled

5
Value Message Value Message
19 2 layers, ports 7-8, ngeyp = 1 25 Reserved
20 2 layers, ports 9-10, ngeyp =0 26 Reserved
21 2 layers, ports 9-10, ngeyp = 1 27 Reserved
22 2 layers, ports 11, 13, ngeyp = 0 10 28 Reserved
23 2 layers, ports 11, 13, ngeyp =1 29 Reserved
24 2 layers, ports 12, 14, ngeyp = 0 30 Reserved
25 2 layers, ports 12, 14, ngeyp = 1 31 Reserved
26 Reserved
27 Reserved
28 Reserved 15 In other examples, the power offset and rate matching
29 Reserved information can also be jointly encoded with the antenna
30 Reserved .
31 Reserved port(s), scrambling ID, and number of layers regardless of
the number of codewords assigned (e.g., the bit field can be
. . extended to 6 bits). Other alternatives, such as joint encod-
For more than two layer transmissions, if only -3 dB .
. . . 20 ing of antenna port(s), number of layers and power offset
power offset is supported, the bit to indicate power offset : . L
; (PO) and rate matching (RM) information instead, and a
value may be ignored by the UE. For two-codeword trans- . :
o . . separate bit for scrambling ID may also be used.
mission, the power offset and rate matching assumption can . -

> : : In another example, joint coding of antenna port(s),

also be jointly encoded with the antenna port(s), scrambling . .
; : scrambling identity, number of layers, power offset, and rate
identity, and number of layers as there are enough reserved ,; - - s - -
. . matching assumption may be indicated as illustrated in the
bits, as shown in Table 3 below. One example of the . .
. . . . exemplary coding format in Table 4 and Table 5 for one
extension of bit field used for joint coding of antenna port(s), . .

. . codeword assignment and two codewords assignment,
scrambling identity, and number of layers for two codeword dvelv. In th les. th dvant s that
transmission is illustrated in Table 3. respectively. In these examples, the one advantage 1s tha

only 5 bits may be needed to include the power offset and
30 rate matching information.
TABLE 3 .. .
One example of joint encoding of antenna port(s), scram-
Two Codewords: bling identity, number of layers, PDSCH EPRE to DM-RS
Codeword 0 enabled, power ratio, and rate matching for one codeword transmis-
Codeword 1 enabled . sions is illustrated in Table 4 below.
Value Message
TABLE 4
0 2 layers, ports 7-8, ngeyp = 0 (0 dB
PO) One Codeword:
1 2 layers, ports 7-8, ngcp = 1 (0 dB Codeword O enabled,
PO) 40 Codeword 1 disabled
2 3 layers, ports 7-9 (-3 dB PO)
3 4 layers, ports 7-10 (-3 dB PO) Value Message
4 5 layers, ports 7-11 (-3 dB PO)
5 6 layers, ports 7-12 (-3 dB PO) 0 1 layer, port 7, ngeyp = 0 (0 dB
6 7 layers, ports 7-13 (-3 dB PO) PO)
7 8 layers, ports 7-14 (-3 dB PO) 1 1 layer, port 7, ngeyp = 1 (0 dB
8 2 layers, ports 9-10, ngeyp, = 0, -3 dB 45 PO)
PO & RM 2 1 layer, port 8, ngeyp = 0 (0 dB
9 2 layers, ports 9-10, ngeyp =1, -3 dB PO)
PO & RM 3 1 layer, port 8, ngeyp = 1 (0 dB
10 2 layers, ports 11, 13, ngqyp = 0, -3 dB PO)
PO & RM 4 2 layers, ports 7-8, ngeyp =0
11 2 layers, ports 11, 13, ngeyp = 1, -3 dB 50 (0 dB PO)
PO & RM 5 3 layers, ports 7-9 (-3 dB PO)
12 2 layers, ports 12, 14, ngryp, = 0, -3 dB 6 4 layers, ports 7-10 (-3 dB PO)
PO & RM 7 1 layer, port 9, ngeyp = 0, -3 dB
13 2 layers, ports 12, 14, ngeyp =1, -3 dB PO & RM
PO & RM 8 1 layer, port 9, ngeyp = 1, -3 dB
14 2 layers, ports 7-8, ngqyp = 0, -3 dB 55 PO & RM
PO & RM 9 1 layer, port 10, ngep =0, -3 dB
15 2 layers, ports 7-8, ngezp = 1, -3 dB PO & RM
PO & RM 10 1 layer, port 10, ngeyp = 1, -3 dB
16 2 layers, ports 11, 13, ngep = 0 (0 dB PO & RM
PO) 11 1 layer, port 11, ngeyp =0, -3 dB
17 2 layers, ports 11, 13, ngeyp =1 (0 dB 60 PO & RM
PO) 12 1 layer, port 11, ngeyp = 1, -3 dB
18 Reserved PO & RM
19 Reserved 13 1 layer, port 12, ngeyp =0, -3 dB
20 Reserved PO & RM
21 Reserved 14 1 layer, port 12, ngeyp = 1, -3 dB
22 Reserved PO & RM
23 Reserved 65 15 1 layer, port 13, ngeyp =0, -3 dB
24 Reserved PO & RM
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TABLE 5-continued

One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

Two Codewords:
Codeword O enabled,
Codeword 1 enabled

5
Value Message Value Message
16 1 layer, port 13, ngezp = 1, -3 dB PO 17 2 layers, ports 11, 13, ngeyp =1
& RM (0 dB PO)
17 1 layer, port 14, ngep = 0, -3 dB PO 18 Reserved
& RM 10 19 Reserved
18 1 layer, port 14, ngep = 1, -3 dB PO 20 Reserved
& RM 21 Reserved
19 2 layers, ports 7-8, ngeyp = 1 (0 dB 22 Reserved
PO) 23 Reserved
20 2 layers, ports 9-10, ngeyp =0, =3 dB 24 Reserved
PO & RM 15 25 Reserved
21 2 layers, ports 9-10, ngeyp =1, -3 dB 26 Reserved
PO & RM 27 Reserved
22 2 layers, ports 11, 13, ngeyp =0, -3 dB 28 Reserved
PO & RM 29 Reserved
23 2 layers, ports 11, 13, ngezp =1, -3 dB 30 Reserved
PO & RM 31 Reserved
24 2 layers, potts 12, 14, ngeyp = 0, -3 dB 20
PO & RM
25 2 layers, ports 12, 14, ngep = 1, =3 dB In another example, if two layer transmission is not
PO & RM supported by the DCI format, joint encoding of antenna
26 Il{ﬁyer’ port 7, nseyp = 0, -3 dB PO & port(s), scrambling identity, number of layers, PDSCH
» 1 layer, port 7. ngep = 1, -3 dB PO & 55 EPRE to.DM-RS power ratio, and rate matchlng may still be
RM accomplished as illustrated, for example, in Table 6. One
28 1 layer, port 8, ngeyp = 0, -3 dB PO & example of joint encoding of antenna port(s), scrambling
RM identity, number of layers, PDSCH EPRE to DM-RS power
2 Il{;iyer’ port 8, ngep =1, -3 dB PO & ratio, and rate matching for one codeword transmissions is
30 2 layers, ports 7-8, Ny = 0, <3 dB 0 illustrated in Table 6 below.
PO & RM
31 2 layers, ports 7-8, ngezp = 1, -3 dB TABLE 6
PO & RM
One Codeword: Codeword 0
One example of joint encoding of antenna port(s), scram- . Value Message
bling identity, number of layers, PDSCH EPRE to DM-RS
power ratio and rate matching for two codeword transmis- 0 Il) g;yer, port 7, nscyp = 0 (0 dB
sions is illustrated in Table 5 below. 1 1 layer, port 7. ngesp = 1 (0 dB
PO)
TABLE 5 2 1 layer, port 8, ngeyp = 0 (0 dB
40 ?0)
Two Codewords: 3 1 layer, port 8, ngeyp = 1 (0 dB
Codeword 0 enabled, PO)
Codeword 1 enabled 4 1 layer, port 7, ngczp = 0, -3 dB
PO & RM
Value Message 5 1 layer, port 7, ngczp = 1, -3 dB
45 PO & RM
0 2 layers, ports 7-8, ngep = 0 (0 dB PO) 6 1 layer, port 8, ngeyp = 0, -3 dB
1 2 layers, ports 7-8, ngep = 1 (0 dB PO) PO & RM
2 3 layers, ports 7-9 (-3 dB PO) 7 1 layer, port 8, ngeyp = 1, -3 dB
3 4 layers, ports 7-10 (-3 dB PO) PO & RM
4 5 layers, ports 7-11 (-3 dB PO) 8 1 layer, port 9, ngeyp = 0, -3 dB
5 6 layers, ports 7-12 (-3 dB PO) 50 PO & RM
6 7 layers, ports 7-13 (-3 dB PO) 9 1 layer, port 9, ngeyp = 1, -3 dB
7 8 layers, ports 7-14 (-3 dB PO) PO & RM
8 2 layers, ports 9-10, ngep = 0, -3 dB PO 10 1 layer, port 10, ngep =0, -3 dB
& RM PO & RM
9 2 layers, ports 9-10, ngep = 1, -3 dB PO 11 1 layer, port 10, ngeyp =1, -3 dB
& RM 55 PO & RM
10 2 layers, ports 11, 13, ngeyp = 0, -3 dB 12 1 layer, port 11, ngeyp =0 (0 dB
PO & RM PO)
11 2 layers, ports 11, 13, ngeyp = 1, -3 dB 13 1 layer, port 11, ngeyp =1 (0 dB
PO & RM PO)
12 2 layers, ports 12, 14, ngeyp = 0, -3 dB 14 1 layer, port 11, ngeyp = 0, -3 dB PO
PO & RM 60 & RM
13 2 layers, ports 12, 14, ngeyp = 1, -3 dB 15 1 layer, port 11, ngeyp = 1, -3 dB PO
PO & RM & RM
14 2 layers, ports 7-8, ngep = 0, =3 dB PO 16 1 layer, port 12, ngeyp = 0, =3 dB PO
& RM & RM
15 2 layers, ports 7-8, ngep = 1, -3 dB PO 17 1 layer, port 12, ngep = 1, -3 dB PO
& RM & RM
16 2 layers, ports 11, 13, ngep = 0 65 18 1 layer, port 13, ngeyp = 0 (0 dB PO)
(0 dB PO) 19 1 layer, port 13, ngep = 1 (0 dB PO)
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TABLE 6-continued

One Codeword: Codeword 0

Value Message
20 1 layer, port 13, ngep =0, -3 dB PO
& RM
21 1 layer, port 13, ngezp = 1, -3 dB PO
& RM
22 1 layer, port 14, ngep = 0, -3 dB PO
& RM
23 1 layer, port 14, ngep = 1, -3 dB PO
& RM
24 Reserved
31 Reserved

Various embodiments of the present disclosure provide
advanced MU interference suppression and/or cancellation
support. For example, if advanced MU interference cancel-
lation/suppression is supported by the UE, the network
entity may indicate one or more of the following to the UE:
the modulation and coding scheme (MCS) of interfering
UEs (an interfering UE assigned with rank 2 may be
identified as two virtual interfering UEs of rank 1), port(s)
of interfering UEs, the number of interfering UEs, UE ID
(e.g., C-RNTI) of interfering UEs, and/or the DM-RS port
scrambling 1D of the interfering UEs. In these interference
reduction examples, signaling overhead may be reduced
and/or managed by signaling the information of only the
interfering UEs that are strong interferers or have an inter-
ference over a threshold. In other words, not all the infor-
mation of all interfering UEs may be signaled to reduce
signaling overhead. For example, interfering UEs that are
assigned orthogonal DM-RS ports with respect to the
desired UE may not be considered as UEs that are strong
interferers.

FIG. 7 illustrates a block diagram of a UE 700 capable of
performing advanced multi-user interference cancellation
and/or suppression in accordance with illustrative embodi-
ments of the present disclosure. For example, as illustrated,
the de-multiplexer 705, channel estimator 710, and/or the
MIMO (SU or MU) receiver 715 may utilize the information
about the interfering UEs that was signaled in the control
information received from the network entity as described
above. To enable the advanced multi-user interference can-
cellation and/or suppression, the de-multiplexer 705 may
receive signals from multiple ports. The channel estimator
710 may receive and estimate the channel using the RS of
LTE 700 and the interfering UE(s). The MIMO receiver 715
receives the channel estimate from the channel estimator
710 and uses the estimate of the channel to reduce interfer-
ence that may be present in the signals intended to be
received by the UE. The demodulator 720 demodulates the
received signals for decoding of the received signal by the
decoder 725.

Additionally or alternatively, in various embodiments, the
UE 700 may include a feedback loop 730 for canceling
and/or subtracting interference of interfering UE(s) from the
received signal. For example, given that the UE 700 infor-
mation about the interfering UE(s), the UE 700 can decode
and reconstruct the interfering signal(s), which can be fed
back to the MIMO receiver 715 to subtract the interfering
signal(s) for interference cancellation/suppression. Whether
the UE 700 includes the feedback loop 730 canceling and/or
subtracting interference of interfering UE(s) in addition to or
instead of the interference suppression techniques described
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above is an implementation choice and embodiments of the
present disclosure may include any combination of the
cancellation and/or suppression techniques described herein.

The control signaling for interference reduction can be
provided in a dynamic manner via DCI signaling. In one
example embodiment, reduction in signaling overhead may
be achieved by associating each DM-RS port with a port
scrambling ID for PDSCH. In particular, PDSCH transmit-
ted using a DM-RS port is scrambled with its port scram-
bling 1D instead of the C-RNTT of the UE. For example, the
initialization value of the scrambling sequence may be
calculated as provided in equation 2 below:

ComirNporerp2 442"+ 02| 2°Npe (Equation 2)

where 1n,,,, ;r, is the DM-RS port scrambling ID. Signaling
of the interfering UE’s DM-RS port scrambling ID has
significantly lower overhead than signaling of C-RNTI. For
example, if 8 ports are defined, only 3 bits are required for
signaling of the DM-RS port scrambling 1D, compared to 16
bits for C-RNTT signaling.

In another embodiment, only one codeword/transport
block may be assigned to the desired UE. The bit field of the
unused transport block in the DCI format (e.g. 2C/2D) may
be used or reused to indicate the information of the inter-
fering UE. In one example, assuming only transport block 1
is assigned to a UE, the MCS field of transport block 2 can
be used to indicate the MCS of the interfering UE. The
redundancy version and the NDI bits (3 bits total) for
transport block 2 can also be used or reused to indicate the
DM-RS port index of the interfering UE. One example of
reinterpretation of fields in DCI format (e.g. 2C/2D) is
illustrated in Table 7 below.

TABLE 7

Field in DCI format (e.g. 2C/2D) Interpretation

MCS of TB 2
RV and NDI of TB2

MCS of interfering UE
Port index of interfering UE

FIG. 8 illustrates an indication of resource assignments
for a UE having an overlapping allocation of resource blocks
in accordance with various embodiments of the present
disclosure. To effectively enable interference cancellation as
described above, UEs may be scheduled with an overlapping
allocation of RBs in frequency. While this scheduling
scheme may somewhat limit scheduling flexibility, this
scheduling scheme may reduce the signaling overhead for
interference reduction. For example, the network entity may
define a group of RBs over which the same set of UEs is
allocated the same set of DMRS ports. Since the amount of
coded data sent to each UE may be different, a UE may have
to further detect the presence or absence of a UE allocation
in the RBs on the assigned port.

In one example, the network entity may signal informa-
tion related to the resource allocation information of a
co-scheduled UE. In DCI Format 2C, the 3GPP Specifica-
tion 36.212 describes the signaling of resource allocation to
a UE. A resource allocation header (resource allocation type
O/type 1)—1 bit as defined in section 7.1.6 (of 36.213). If
downlink bandwidth is less than or equal to 10 PRBs, there
is no resource allocation header, and resource allocation type
0 is assumed. Resource block assignment: for resource
allocation type 0 as defined in section 7.1.6.1 0f [36.213] and
[N.5"%/P] bits provide the resource allocation; for resource
allocation type 1 as defined in section 7.1.6.2 (of 36.213) [
log,(P)] bits of this field are used as a header specific to this
resource allocation type to indicate the selected resource
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blocks subset, 1 bit indicates a shift of the resource alloca-
tion span, and ([N,z”%/P]-[ log,(P)]-1) bits provide the
resource allocation, where the value of P depends on the
number of DL resource blocks as indicated in section 7.1.6.1
(of 36.213).

The resource allocation defined includes a bitmap or a
selection from a set of localized or distributed resource
blocks and virtual resource blocks or resource block groups.
This resource allocation allows sufficient flexibility to share
the resources in frequency to different UEs. Further, a
resource allocation header indicates a selection between the
resource allocation types.

To enable support for interference cancellation, some
further coordination of resource allocation may be useful. In
various embodiments, a co-channel resource allocation
block assignment field and co-channel resource allocation
header may be defined to indicate the resource allocation
information of a co-scheduled UE. In these embodiments,
the UE may assume the interference from that UE only in the
set of overlapping resources. For example, as illustrated in
FIG. 8, the UE assumes interference from only the co-
scheduled/overlapping blocks and no interference is
assumed in the non-overlapping blocks.

In another example, the set of overlapping resources over
which an interfering UE is scheduled may be directly
indicated with a resource allocation header and a resource
block assignment field. In another example, the set of
overlapping resources over which an interfering UE is not
scheduled may be directly indicated with a resource alloca-
tion header and a resource block assignment field. In another
example, a set of resource assignments may be pre-defined
(e.g., by higher layer signaling or fixed) and dynamic
signaling may be used to select between the different
resource assignments to reduce overhead in DCI. In another
example, co-channel resource allocation may be implicitly
determined by the UE using one or more of the other
parameters signaled for the other UE, (e.g., port index, port
RNTI, a pre-configured group ID for similarly scheduled
UEs). In these examples, the indicated resource allocation
corresponds to the resources over which the UE can expect
interference and the associated signaled interference reduc-
tion parameters (e.g., MCS, port RNTI, port ID, etc.) are
applicable.

In various embodiments, the base station may transmit the
PDSCH using DM-RS ports that are scrambled with the
port’s scrambling ID instead of the C-RNTI of the UE, and
the network entity assigns each DM-RS port a different port
scrambling ID. In one example, the scrambling initialization
equation may be calculated according to equation 3 below:

_ ld, 413 9 1
Cinie Mpore 2 40213+ 02| 274N 5

where nz,,, ;r, is the DM-RS port scrambling ID. The UE
can be configured or controlled by the network entity to
perform PDSCH descrambling using the legacy method or
the descrambling method described above. This configura-
tion/control can be semi-static (i.e. signaled by a higher
layer), for example, via transmission mode configuration.
Table 8 provides one example of an illustration of a higher
layer configuration of the PDSCH scrambling method.

(Equation 3)

TABLE 8

Higher layer signaling PDSCH scrambling method

0 Legacy scrambling method
1 Scrambled with the port scrambling ID
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In other embodiments, the configuration or control can
also be dynamic. For example, the UE may switch between
the legacy method and the method of descrambling using the
port scrambling 1D, depending on the control information
received from PDCCH or ePDCCH. In One example, the
dynamic control may be indicated using 1-bit signaling in
the DCI format (for DL assignment). For example, a “0”
indicates the legacy method should be used to receive the
corresponding PDSCH, and a “1” indicates that method of
descrambling using the port scrambling ID should be used to
receive the corresponding PDSCH. In another example, the
DM-RS ports assigned or the rank assigned. For example, if
the DM-RS port(s) assigned are 7, 7 and 8, 9, 9 and 10, or,
more generally, if the rank assigned is less than or equal to
some specified number x where x can e.g. be 2, the port
scrambling ID method is used (i.e., MU-MIMO operation
may be assumed). Otherwise, the UE assumes that the
legacy method is used (i.e., SU-MIMO operation may be
assumed).

In another example, the type of DCI format may be used
to indicate the PDSCH scrambling method. For example, if
DCI format 1A is received, the legacy method is assumed to
be used to descramble the corresponding PDSCH, else if
DCI format 2C (or reference DCI format) is received, the
port scrambling ID method is used to descramble the cor-
responding PDSCH. In another example, further depen-
dency on where the DCI format was received may be used
to indicate the PDSCH scrambling method. For example, if
the DCI format 1 A was received in the common search space
of the PDCCH/ePDCCH region, then the legacy method is
used to descramble the corresponding PDSCH, else if the
DCI format 1A was received in the UE-specific search space
of'the PDCCH/ePDCCH region, then the port scrambling ID
method is used to descramble the corresponding PDSCH.
The dynamic control methods above assume the UE is
already configured beforehand (higher-layer e.g. RRC) to
apply the dynamic control methods.

One benefit of scrambling PDSCH with port scrambling
1D instead of the C-RNTI may include facilitation of MU-
interference cancellation and/or suppression for PDSCH.
For example, given that the UE knows the port scrambling
ID of the UE, as well as the port scrambling ID of the
interfering UE, the port scrambling ID method allows the
UE to descramble and then decode the interfering PDSCH,
which can then be used for interference cancellation/sup-
pression as discussed above, for example, with regard to the
feedback loop 730 in FIG. 7.

In various embodiments, the signaling of the port scram-
bling ID signaling may include a predefined port scrambling
ID for each DM-RS port. Table 9 illustrates one example of
a mapping for 8 ports. However, mapping for fewer numbers
of DM-RS ports is also possible (e.g. just ports 7, 8, 9, and
10).

TABLE 9

DM-RS port index Port scrambling ID

7 000
8 001
9 010
10 011
11 100
12 101
13 110
14 111
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In this example, if the UE is signaled or detects blindly the
interfering UE’s port(s), the UE is able to derive the port
scrambling 1D used for the PDSCH of the interfering UE.

In another example, a higher layer configuration of port
scrambling ID for each DM-RS port (e.g. via an RRC) may
be used to indicated the port scrambling ID to the UE. Table
10 illustrates one example of a mapping for 8 ports. How-
ever, mapping for fewer numbers of DM-RS ports is also
possible (e.g. just ports 7, 8, 9, and 10). For example, the
number of bits for the ID value can be log, (number of
DM-RS ports) (i.e., 3 for 8 ports and 2 for 4 ports) or the
number of bits may be of the same length as the C-RNTI
(i.e., 16 bits).

TABLE 10

DM-RS port index Port scrambling ID

7 A
8 B
9 C
10 D
11 E
12 F
13 G
14 H

In this example, if the UE is signaled or detects blindly the
interfering UE’s port(s), the UE is able to derive the port
scrambling ID used for the PDSCH of the interfering UE. In
some embodiments, the higher layering signaling of Table
10 is common for all MU UEs may be broadcasted. In other
embodiments (e.g., if the configuration and the configured
value are UE-specific), the UE should also be signaled the
port-scrambling 1D of the interfering UE or the UE should
blindly detect the port scrambling ID of the interfering UE.
Signaling of the DM-RS port scrambling ID of the interfer-
ing UE has significantly lower overhead than signaling of
C-RNTI. For example, if 8 ports are defined, only 3 bits are
required for signaling of the DM-RS port scrambling 1D,
compared to 16 bits for C-RNTI signaling.

FIG. 9 illustrates a process for identifying resource sched-
uling for a UE in a multiple-user multiple-input multiple-
output wireless communication system in accordance with
various embodiments of the present disclosure. For example,
the process depicted in FIG. 9 may be performed by the
receiver 310 in FIG. 3. The process may also be imple-
mented by the UE 700 in FIG. 7.

The process begins by the UE receiving downlink control
information (step 905). For example, in step 905, the UE
may receive downlink control information in control signal-
ing in a DCI format. The downlink control information may
be statically or semi-statically signaled. Alternatively, the
downlink control information may be dynamically signaled,
for example, in each downlink subframe. The UE then
identifies DM-RS port(s) assigned to the UE (step 910). For
example, in step 910, the UE may identify the DM-RS
port(s) for the UE in the downlink control information.

The UE then identifies a PDSCH EPRE to DM-RS EPRE
ratio (step 915). For example, in step 915, the UE may
identify the PDSCH EPRE to DM-RS EPRE ratio and
whether rate matching is used from a jointly encoded signal
bit field in the downlink control information. For example,
the UE may identify the PDSCH EPRE to DM-RS EPRE
ratio as 0 dB or -3 dB. The UE may also identify a number
layers, a scrambling identifier, and whether rate matching is
used from a jointly encoded message in the downlink control
information. The UE may also identify information about
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one or more interfering UEs including at least one of a
modulation and coding scheme of the one or more interfer-
ing UEs, one or more port(s) assigned to the one or more
interfering UEs, a number of the one or more interfering
UEs, a UE identifier for the one or more interfering UEs, or
a DM-RS port scrambling identifier for the one or more
interfering UEs. The UE may also identify a DM-RS port
scrambling identifier for a DM-RS port assigned to an
interfering UE to use to calculate an initialization value for
a scrambling sequence for resources assigned to the inter-
fering UE and reduce interference. The UE may also identify
whether an interfering UE is allocated a group of resource
blocks that overlaps with resource blocks assigned to the UE
to reduce interference.

The UE then receives a downlink subframe (step 920).
The UE then identifies resource block(s) including data
intended for the UE (step 925). The UE then identifies the
data intended for the UE in the resource block (step 930).
For example, in step 930, the UE may identify the data using
the one or more DM-RS port(s) and the PDSCH EPRE to
DM-RS EPRE ratio. The resource block in the downlink
subframe may include data for multiple users in the wireless
communication system. Thereafter, the UE returns to step
920 to receive and decode data from additional downlink
subframes.

FIG. 10 illustrates a process for scheduling resources in a
multiple-user multiple-input multiple-output wireless com-
munication system in accordance with various embodiments
of the present disclosure. For example, the process depicted
in FIG. 10 may be performed by the transmitter 305 in FIG.
3. The process may also be implemented by a network entity,
such as an eNB, RRH, relay station, underlay base station,
GW, or BSC.

The process begins by the network entity identifying
DM-RS port(s) to assign to the UE (step 1005). The network
entity then identifies a PDSCH EPRE to DM-RS EPRE ratio
(step 1010). For example, in step 1010, the network entity
may use the PDSCH EPRE to DM-RS EPRE ratio to
multiplex data in a same frequency resource.

The network entity then sends downlink control informa-
tion (step 1015). For example, in step 1015, the network
entity may send the control information to the UE to indicate
the DM-RS port(s) and PDSCH EPRE to DM-RS EPRE
ratio. The downlink control information may be statically or
semi-statically signaled. Alternatively, the downlink control
information may be dynamically signaled, for example, in
each downlink subframe. In one example, the PDSCH EPRE
to DM-RS EPRE ratio and whether rate matching is used
may be jointly encoded into a signal bit field in the downlink
control information. The one or more DM-RS port(s)
assigned to the UE, a number layers, a scrambling identifier,
the PDSCH EPRE to DM-RS EPRE ratio, and whether rate
matching is used may be jointly encoded in the downlink
control information. The downlink control information may
include an indication of information about one or more
interfering UEs including at least one of a modulation and
coding scheme of the one or more interfering UEs, one or
more port(s) assigned to the one or more interfering UEs, a
number of the one or more interfering UEs, a UE identifier
for the one or more interfering UEs, or a DM-RS port
scrambling identifier for the one or more interfering UEs.
The downlink control information may include an indication
of a DM-RS port scrambling identifier for a DM-RS port
assigned to an interfering UE. The downlink control infor-
mation may include an indication of an initialization value
for a scrambling sequence for resources assigned to the
interfering UE using the DM-RS port scrambling identifier.
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The downlink control information may include an indication
of' whether an interfering UE is allocated a group of resource
blocks that overlaps with resource blocks assigned to the
UE.

The network entity then transmits downlink subframes in
accordance with the scheduled resources (step 1020). For
example, in step 1020, the network entity may transmit the
downlink subframes according to the one or more DM-RS
port(s) assigned to the UE and the PDSCH EPRE to DM-RS
EPRE ratio.

Although FIGS. 9 and 10 illustrate examples of processes
for scheduling resources and identifying resource schedul-
ing in a MU-MIMO wireless communication system,
respectively, various changes could be made to FIGS. 9 and
10. For example, while shown as a series of steps, various
steps in each figure could overlap, occur in parallel, occur in
a different order, or occur multiple times.

Although the present disclosure has been described with
an exemplary embodiment, various changes and modifica-
tions may be suggested to one skilled in the art. It is intended
that the present disclosure encompass such changes and
modifications as fall within the scope of the appended
claims.

What is claimed is:

1. A method for identifying resource scheduling for a user
equipment (UE) in a multiple-user multiple-input multiple-
output wireless communication system, the method com-
prising:

receiving downlink control information indicating one or

move demodulation reference signal (DM-RS) ports
assigned to the UE, a number of layers, a scrambling
identifier (SCID), and a physical downlink sharved
channel (PDSCH) energy per resource element (EPRE)
to DM-RS EPRE ratio;

identifying, from the downlink control information, the

one or more [demodulation reference signal (JDM-
RS[)] ports assigned to the UE and [a physical down-
link shared channel (] the PDSCH[) energy per
resource element (] EPRE[] to DM-RS EPRE ratio
according to the number of layers; [and

identifying] distinguishing a signal including data

intended for the UE in a resource block in a downlink
subframe from another signal for an interfering UE in
the resource block including data intended for [another]
the interfering UE using the SCID for the one or more
DM-RS ports and the PDSCH EPRE to DM-RS EPRE
ratio, wherein the resource block in the downlink
subframe includes data for multiple users in the wire-
less communication system, arnd

identifying, from the downlink control information, a

DM-RS port SCID for a DM-RS port assigned to the
interfering UE;

identifying an initialization value for a scrambling

sequence for resources assigned to the interfering UE
using the DM-RS port SCID; and

reducing interference from the interfering UE in identi-

fving the data intended for the UE in the resource block
using the initialization value for the scrambling
sequence for resources assigned to the interfering UE.

2. The method of claim 1, wherein the UE is assigned
ports from one DM-RS code division multiplexing (CDM)
group, the method further comprising:

identifying [the PDSCH EPRE to DM-RS EPRE ratio

and] whether rate matching around another DM-RS
CDM group is used from a jointly encoded signal bit
field in the downlink control information.
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3. The method of claim 1, wherein [identifying the one or
more DM-RS ports assigned to the UE and] the PDSCH
EPRE to DM-RS EPRE ratio [comprises identifying the one
or more DM-RS ports assigned to the UE, a number layers,
a scrambling identifier, the PDSCH EPRE to DM-RS EPRE
ratio, and whether rate matching is used from a jointly
encoded message in the downlink control information] is 0
decibels (dB) or -3 dB.
4. The method of claim 1, further comprising:
identifying, from the downlink control information, infor-
mation about one or more interfering UEs including at
least one of a modulation and coding scheme of the one
or more interfering UEs, one or more ports assigned to
the one or more interfering UEs, a number of the one
or more interfering UEs, a UE identifier for the one or
more interfering UEs, or a DM-RS port scrambling
identifier for the one or more interfering UEs; and

reducing interference from at least one of the one or more
interfering UEs in identifying the data intended for the
UE in the resource block using the information about
one or more interfering UEs.

[5. The method of claim 1 further comprising:

identifying, from the downlink control information, a

DM-RS port scrambling identifier fora DM-RS port
assigned to an interfering UE;
identify an initialization value for a scrambling sequence
for resources assigned to the interfering UE using the
DM-RS port scrambling identifier; and

reducing interference from the interfering UE in identi-
fying the data intended for the UE in the resource block
using the initialization value for the scrambling
sequence for resources assigned to the interfering UE.]

6. The method of claim 1, further comprising:

identifying, from the downlink control information,

whether an interfering UE is allocated a group of
resource blocks that overlaps with resource blocks
assigned to the UE; and

reducing interference from the interfering UE in the group

of resource blocks that overlaps with resource blocks
assigned to the UE in identifying the data intended for
the UE.

[7. A method for scheduling resources in a multiple-user
multiple-input multiple-output wireless communication sys-
tem, the method comprising:

identifying one or more demodulation reference signal

(DM-RS) ports to assign to a UE and a physical
downlink shared channel (PDSCH) energy per resource
element (EPRE) to DM-RS EPRE ratio for identifying
a signal including data intended for the UE in a
resource block in a downlink subframe from another
signal in the resource block including data intended for
another UE; and

including an indication of the one or more DM-RS ports

and the PDSCH EPRE to DM-RS EPRE ratio in
downlink control information,

wherein the resource block in the downlink subframe

includes data for multiple users in the wireless com-
munication system.]

[8. The method of claim 7, wherein including the indica-
tion of the one or more DM-RS ports and the PDSCH EPRE
to DM-RS EPRE ratio in the downlink control information
comprises jointly encoding an indication of the one or more
DM-RS ports assigned to the UE, a number layers, a
scrambling identifier, the PDSCH EPRE to DM-RS EPRE
ratio, and whether rate matching is used from in the down-
link control information.]
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[9. The method of claim 7 further comprising including,
in the downlink control information, information about one
or more interfering UEs including at least one of a modu-
lation and coding scheme of the one or more interfering
UEs, one or more ports assigned to the one or more
interfering UEs, a number of the one or more interfering
UEs, a UE identifier for the one or more interfering UEs, or
a DM-RS port scrambling identifier for the one or more
interfering UEs for reducing interference from at least one of
the one or more interfering UEs.]
[10. The method of claim 7 further comprising including,
in the downlink control information, whether an interfering
UE is allocated a group of resource blocks that overlaps with
resource blocks assigned to the n for reducing interference
from the interfering UE in the group of resource blocks that
overlaps with resource blocks assigned to the UE.]
11. An apparatus configured to identify resource sched-
uling for a user equipment (UE) in a multiple-user multiple-
input multiple-output wireless communication system, the
apparatus comprising:
a receiver configured to receive downlink control infor-
mation indicating one or more demodulation reference
signal (DM-RS) ports assigned to the UE, a number of
layers, and a scrambling identifier (SCID), and a
physical downlink shared channel (PDSCH) energy per
resource element (EPRE) to DM-RS EPRE ratio; and
a controller configured to:
identify, from the downlink control information, tke
one or more [demodulation reference signal (JDM-
RSP)] ports assigned to the UE, the number of layers,
the SCID, and [a physical downlink shared
channel (] ke PDSCH[) energy per resource
element (] EPRE[)] to DM-RS EPRE ratio according
to the number of layers, and

[identify] distinguish a signal including data intended
for the UE in a resource block in a downlink sub-
frame from another signal in the resource block
including data intended for another UE using the
SCID for the one or more DM-RS ports and the
PDSCH EPRE to DM-RS EPRE ratio,

wherein the resource block in the downlink subframe
includes data for multiple users in the wireless com-
munication system,

wherein the controller is configured to identify, from the
downlink control information, an SCID for a DM-RS
port assigned to an interfering UE, and identify an
initialization value for a scrambling sequence for
resources assigned to the interfering UE using the
DM-RS port SCID, the apparatus further comprising:

control veceiver processing circuitry configured to reduce
interference from the interfering UE in identifving the
data intended for the UE in the resource block using the
initialization value for the scrambling sequence for
resources assigned to the interfering UE.

12. The apparatus of claim 11, wherein the UE is assigned
ports from one DM-RS code division multiplexing (CDM)
group, and wherein the controller is configured to identify
[the PDSCH EPRE to DM-RS EPRE ratio and] whether rate
matching around another DM-RS CDM group is used from
a jointly encoded signal bit field in the downlink control
information.

13. The apparatus of claim 11, wherein [in identifying the
one or more DM-RS ports assigned to the UE and the
PDSCH EPRE to DM-RS EPRE ratio, the controller is
configured to identify the one or more DM-RS ports
assigned to the UE, a number layers, a scrambling identifier,]
the PDSCH EPRE to DM-RS EPRE ratio[, and whether rate
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matching is used from a jointly encoded message in the
downlink control information] is 0 decibels (dB) or -3 dB.

14. The apparatus of claim 11, wherein the controller is
configured to[:] identify, from the downlink control infor-
mation, information about one or more interfering UEs
including at least one of a modulation and coding scheme of
the one or more interfering UEs, one or more ports assigned
to the one or more interfering UEs, a number of the one or
more interfering UEs, a UE identifier for the one or more
interfering UEs, or a DM-RS port scrambling identifier for
the one or more interfering UEs[; and), tke apparatus further
comprising:

control receiver processing circuitry configured to reduce

interference from at least one of the one or more
interfering UEs in identifying the data intended for the
UE in the resource block using the information about
one or more interfering UEs.

[15. The apparatus of claim 11, wherein the controller is
configured to:

identify, from the downlink control information, a DM-

RS port scrambling identifier for a DM-RS port
assigned to an interfering UE;
identify an initialization value for a scrambling sequence
for resources assigned to the interfering UE using the
DM-RS port scrambling identifier; and

control receiver processing circuitry to reduce interfer-
ence from the interfering UE in identitying the data
intended for the UE in the resource block using the
initialization value for the scrambling sequence for
resources assigned to the interfering UE.]

16. The apparatus of claim 11, wherein the controller is
configured to[:] identify, from the downlink control infor-
mation, whether an interfering UE is allocated a group of
resource blocks that overlaps with resource blocks assigned
to the UE[; and), the apparatus further comprising:

control receiver processing circuitry configured to reduce

interference from the interfering UE in the group of
resource blocks that overlaps with resource blocks
assigned to the UE in identifying the data intended for
the UE.

[17. An apparatus configured to schedule resources in a
multiple-user multiple-input multiple-output wireless com-
munication system, the apparatus comprising:

a transmitter; and

a controller configured to:

identify one or more demodulation reference signal
(DM-RS) ports to assign to a UE and a physical
down- link shared channel (PDSCH) energy per
resource element (EPRE) to DM-RS EPRE ratio for
identifying a signal including data intended for the
UE in a resource block in a downlink subframe from
another signal in the resource block including data
intended for another UE, and
control the transmitter to include an indication of the
one or more DM-RS ports and the PDSCH EPRE to
DM-RS EPRE ratio in downlink control information,
wherein the resource block in the downlink subframe
includes data for multiple users in the wireless com-
munication system.]

[18. The apparatus of claim 17, wherein in controlling the
transmitter to include the indication of the one or more
DM-RS ports and the PDSCH EPRE to DM-RS EPRE ratio
in the downlink control information, the controller is con-
figured to control the transmitter to jointly encode an indi-
cation of the one or more DM-RS ports assigned to the UE,
a number layers, a scrambling identifier, the PDSCH EPRE
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to DM-RS EPRE ratio, and whether rate matching is used
from in the downlink control information.]

[19. The apparatus of claim 17, wherein the controller is
configured to control the transmitter to include, in the
downlink control information, information about one or
more interfering UEs including at least one of a modulation
and coding scheme of the one or more interfering UEs, one
or more ports assigned to the one or more interfering UEs,
a number of the one or more interfering UEs, a UE identifier
for the one or more interfering UEs, or a DM-RS port
scrambling identifier for the one or more interfering UEs for
reducing interference from at least one of the one or more
interfering UEs.]

[20. The apparatus of claim 17, wherein the controller is
configured to control the transmitter to include, in the
downlink control information, whether an interfering UE is
allocated a group of resource blocks that overlaps with
resource blocks assigned to the UE for reducing interference
from the interfering UE in the group of resource blocks that
overlaps with resource blocks assigned to the UE.]

21. A method for identifying resource scheduling for a
user equipment (UE) in a multiple-user multiple-input mul-
tiple-output wireless communication system, the method
comprising:

receiving downlink control information;

receiving data in a resource block in a downlink subframe

according to a bit field in the downlink control infor-
mation, wherein the downlink control information indi-
cates one or more demodulation reference signal (DM-
RS) ports assigned to the UE, a number of layers, a
scrambling identifier, a physical downlink sharved chan-
nel (PDSCH) energy per resource element (EPRE) to
DM-RS EPRE ratio, and whether rate matching around
at least one port unassigned to the UE and in a DM-RS
code division multiplexing (CDM) group is used,
wherein:
for a first value of the bit field, (i) one or more first
DM-RS ports included in a first DM-RS CDM group
are assigned to the UE, (ii) a PDSCH EPRE to
DMRS EPRE ratio has a value of 0 dB, and (iii) the
data signal is mapped to the resource for a second
DM-RS CDM group unassigned to the UE,
for a second value of the bit field, (i) one or more
second DM-RS ports included in the first DM-RS
CDM group are assigned to the UE, (ii) the PDSCH
EPRE to DM-RS EPRE ratio has a value of -3 dB,
and (iii) the data signal is not mapped to the resource
for the second DM-RS CDM group unassigned to the
UE,
for a third value of the bit field, (i) one or more third
DM-RS ports included in the second DM-RS CDM
group are assigned to the UE, (ii) the PDSCH EPRE
to DM-RS EPRE ratio has the value of -3 dB, and
(iii) the data signal is not mapped to the resource for
the first DM-RS CDM group unassigned to the UE,
and
for a fourth value of the bit field, (i) both one or more
fourth DM-RS ports included in the first DM-RS
CDM group and one or more fifth DM-RS ports
included in the second DM-RS CDM group are
assigned to the UE, and (ii) the PDSCH EPRE to
DM-RS EPRE ratio has the value of =3 dB; and
identifying data intended for the UL in the resource block
in the downlink subframe using the one or more DM-RS
ports assigned to the UE and the PDSCH EPRE to
DM-RS EPRFE ratio,

26

wherein the resource block in the downlink subframe
includes data for multiple users in the wireless com-
munication system.
22. The method of claim 21, wherein the PDSCH EPRE
5 to DMRS EPRE ratio is 0 decibels (dB) to -3 dB.
23. The method of claim 21, further comprising:
identifying, from the downlink control information, infor-
mation about one or more interfering UEs including at
least one of a modulation and coding scheme of the one
10 or morve interfering UEs, one or more ports assigned to
the one or more interfering UEs, a number of the one
or morve interfering UEs, a UFE identifier for the one or
morve interfering UEs, or a DM-RS port scrambling
identifier for the one or more interfering UEs.
15 24. The method of claim 21, further comprising:
identifying, from the downlink control information,
whether an interfering UE is allocated a group of
resource blocks that overlaps with resource blocks
assigned to the UE.
20 25. A method for identifying resource scheduling for a
user equipment (UE) in a multiple-user multiple-input mul-
tiple-output wireless communication system, the method

comprising:
receiving downlink control information indicating one or
25 move demodulation reference signal (DM-RS) ports

assigned to the UE, a number of layers, a scrambling
identifier (SCID), and a physical downlink shared
channel (PDSCH) energy per resource element (EPRE)
to DM-RS EPRE ratio;

30 identifying, from the downlink control information, the

one or more DM-RS ports assigned to one or more

UE(s) and the PDSCH EPRE to DM-RS EPRE ratio
according to the number of layers;

receiving a signal including one or more layers in at least

35 one resource block, wherein the signal comprises a

UE-specific signal identifiable from signals for one or

morve other UEs based on SCID(s) for the one or more

DM-RS ports and the PDSCH EPRE to DM-RS EPRE

ratio, wherein a layer is associated with a DM-RS port;

40 identifying, from the downlink control information, a

DM-RS port SCID for a DM-RS port assigned to one of
one or more other UEs;

identify an initialization value for a scrambling sequence
for resources assigned to the one of the one or more

45 other UEs using the DM-RS port SCID; and

reducing interference from the one of the one or more
other UEs in identifying data intended for the UE in the
resource block using the initialization value for the
scrambling sequence for resources assigned to the one

50 of the one or more other ULs.

26. The method of claim 25, further comprising:

identify an initialization value for a scrambling identifier
for resources assigned to one of the one more interfer-
ing UEs using the scrambling identifier.

55 27. A method for scheduling resources for a user equip-
ment (UE) in a multiple-user multiple-input multiple-output
wireless communication system, the method comprising:

identifying one or more demodulation rveference signal
(DM-RS) ports to assign to the UE and a physical
60 downlink shared channel (PDSCH) energy per
resource element (EPRE) to DM-RS EPRE ratio for
identifying data intended for the UE in a resource block

in a downlink subframe;
including an information indicating the omne or more
65 DM-RS ports assigned to the UE, a number of layers,
a scrambling identifier, the PDSCH EPRE to DM-RS
EPRE ratio, and whether rate matching around one or
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morve ports from a DM-RS code division multiplexing
(CDM) group unassigned to the UE is used in downlink
control information;

transmitting the downlink control information; and

transmitting the data intended for the UE in the vesource

block in the downlink subframe according to a bit field

in the downlink control information, wherein:

for a first value of the bit field, (i) one or more first
DMRS ports included in a first DMRS CDM group
are assigned to the UE, (ii) a PDSCH EPRE to
DMRS EPRE ratio has a value of 0 dB, and (iii) the
data signal is mapped to the resource for a second
DMRS CDM group unassigned to the UE,

for a second value of the bit field, (i) one or more
second DMRS ports included in the first DMRS CDM
group are assigned to the UE, (ii) the PDSCH EPRE
to DM-RS EPRE ratio has a value of -3 dB, and (iii)
the data signal is not mapped to the resource for the
second DMRS CDM group unassigned to the UE,

for a third value of the bit field, (i) one or more third
DMRS ports included in the second DMRS CDM
group are assigned to the UE, (ii) the PDSCH EPRE
to DM-RS EPRE ratio has the value of -3 dB, and
(iii) the data signal is not mapped to the resource for
the first DMRS CDM group unassigned to the UE,
and

for a fourth value of the bit field, (i) both one or more
fourth DMRS ports included in the first DMRS CDM
group and one or more fifth DMRS ports included in
the second DMRS CDM group are assigned to the
UE, and (ii) the PDSCH EPRE to DMRS EPRE ratio
has the value of -3 dB,

wherein the resource block in the downlink subframe

includes the data for multiple users in the wireless
communication system.

28. The method of claim 27, further comprising including,
in the downlink control information, information about one
or more interfering UEs including at least one of a modu-
lation and coding scheme of the one or more interfering
UEs, one or more ports assigned to the one or more
interfering UEs, a number of the one or morve interfering
UEs, a UE identifier for the one or move interfering UEs, or
a DM-RS port scrambling identifier for the one or more
interfering UFEs.

29. A method for scheduling resources for a user equip-
ment (UE) in a multiple-user multiple-input multiple-output
wireless communication system, the method comprising:

identifying one or more demodulation reference signal

(DM-RS) ports to assign to the UE and a physical
downlink shared channel (PDSCH) energy per
resource element (EPRE) to DM-RS EPRE ratio for
identifying data intended for the UE in a resource block
in a downlink subframe;

including an information related to the one or more

DM-RS ports assigned to the UE, a number of layers,
a scrambling identifier, the PDSCH EPRE to DM-RS
EPRE ratio, and whether rate matching around one or
morve ports from a DM-RS code division multiplexing
(CDM) group unassigned to the UE is used in downlink
control information;

including, in the downlink control information, whether

an interfering UE is allocated a group of resource
blocks that overlaps with resource blocks assigned to
the UE;

transmitting the downlink control information; and

transmitting the data intended for the UE in the vesource

block in the downlink subframe based on a case deter-
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mined among four cases according to a bit field in the

downlink control information, wherein the four cases

include:

a first case that (i) one or more first DMRS ports
included in a first DMRS CDM group are assigned to
the UE, (ii) a PDSCH EPRE to DMRS EPRE ratio
has a value of 0 dB, (iii) the data signal is mapped
to the resource for a second DMRS CDM group
unassigned to the UE,

a second case that (i) one or more second DMRS ports
included in the first DMRS CDM group are assigned
to the UE, (ii) the PDSCH EPRE to DM-RS EPRE
ratio has a value of -3 dB, and (iii) the data signal
is not mapped to the resource for the second DMRS
CDM group unassigned to the UE,

a third case that (i) one or more third DMRS ports
included in the second DMRS CDM group are
assigned to the UE, (ii) the PDSCH EPRE to DM-RS
EPRE ratio has the value of -3 dB, and (iii) the data
signal is not mapped to the resource for the first
DMRS CDM group unassigned to the UE, and

a fourth case that (i) both one or more fourth DMRS
ports included in the first DMRS CDM group and
one or morve fifth DMRS ports included in the second
DMRS CDM group are assigned to the UE, and (ii)
the PDSCH EPRE to DMRS EPRE ratio has the
value of -3 dB,

wherein the resource block in the downlink subframe
includes the data for multiple users in the wireless
communication system.

30. An apparatus configured to identify resource sched-

uling for a user equipment (UE) in a multiple-user multiple-
input multiple-output wireless communication system, the
apparatus comprising:

a receiver configured to
receive downlink control information including a bit
field related to an antenna port; and
receive data in a resource block in a downlink subframe

according to a bit field in the downlink control

information, wherein the downlink control informa-

tion indicates one or more demodulation reference

signal (DM-RS) ports assigned to the UE, a number

of layers, a scrambling identifier, a physical down-

link sharved channel (PDSCH) energy per resource

element (EPRE) to DM-RS EPRE ratio, and whether

rate matching arvound at least one port unassigned to

the UE and in a DM-RS code division multiplexing

(CDM) group is used, wherein:

for a first value of the bit field, (i) one or more first
DM-RS ports included in a first DM-RS CDM
group are assigned to the UE, (ii) a PDSCH EPRE
to DMRS EPRE ratio has a value of 0 dB, and (iii)
the data signal is mapped to the resource for a
second DM-RS CDM group unassigned to the UE,

for a second value of the bit field, (i) one or more
second DM-RS ports included in the first DM-RS
CDM group are assigned to the UE, (ii) the
PDSCH EPRE to DM-RS EPRE ratio has a value
of =3 dB, and (iii) the data signal is not mapped
to the resource for the second DM-RS CDM group
unassigned to the UE,

for a third value of the bit field, (i) one or more third
DM-RS ports included in the second DM-RS CDM
group arve assigned to the UE, (ii) the PDSCH
EPRE to DM-RS EPRE ratio has the value of -3
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dB, and (iii) the data signal is not mapped to the
resource for the first DM-RS CDM group unas-
signed to the UE, and

for a fourth value of the bit field, (i) both one or more
fourth DM-RS ports included in the first DM-RS
CDM group and one or more fifth DM-RS ports
included in the second DM-RS CDM group are
assigned to the UE, and (i) the PDSCH EPRE to
DM-RS EPRE ratio has the value of -3 dB; and

a controller configured to identify data intended for the
UE in a resource block in a downlink subframe using
the one or more DM-RS ports assigned to the UE and
the PDSCH EPRE to DM-RS EPRE ratio,

wherein the resource block in the downlink subframe
includes data for multiple users in the wireless com-
munication system.

31. The apparatus of claim 30, wherein the PDSCH EPRE

to DMRS EPRE ratio is 0 decibels (dB) to -3 dB.
32. The apparatus of claim 30, wherein the controller is
configured to identify, from the downlink control informa-
tion, whether an interfering UE is allocated a group of
resource blocks that overlaps with resource blocks assigned
to the UE.
33. The apparatus of claim 30, wherein the controller is
configured to identify, from the downlink control informa-
tion, information about one or more interfering UEs includ-
ing at least one of a modulation and coding scheme of the
one or more interfering UEs, one or more ports assigned to
the one or more interfering UEs, a number of the one or
morve interfering UEs, a UE identifier for the one or more
interfering UEs, or a DM-RS port scrambling identifier for
the one or more interfering UFEs.
34. An apparatus configured to identify resource sched-
uling for a user equipment (UE) in a multiple-user multiple-
input multiple-output wireless communication system, the
apparatus comprising:
a receiver configured to receive downlink control infor-
mation indicating one or more demodulation reference
signal (DM-RS) ports assigned to the UE, a number of
layers, a scrambling identifier (SCID), and a physical
downlink shared channel (PDSCH) energy per
resource element (EPRE) to DM-RS EPRE ratio; and
a controller configured to:
identify, from the downlink control information, the one
or more DM-RS ports assigned to one or more UE(s)
and the PDSCH EPRE to DM-RS EPRE ratio
according to the number of layers, and

receive, via the receiver, a signal including one or more
layers in at least one resource block, wherein the
signal comprises a UE-specific signal identifiable
based on SCID(s) for the one or move DM-RS ports
and the PDSCH EPRE to DM-RS EPRE ratio,
wherein a layer is associated with a DM-RS port,

identify, from the downlink control information, a DM-
RS port scrambling identifier for a DM-RS port
assigned to one of one or more other UEs,

identify anm initialization value for a scrambling
sequence for resources assigned to the one of the one
or more other UEs using the DM-RS port scrambling
identifier, and

control the receiver to reduce interference from the one
of the one or more other UEs in identifying data
intended for the UE in the resource block using the
initialization value for the scrambling sequence for

resources assigned to the one of the one or more
other UEs.
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35. The apparatus of claim 34, wherein the controller is
configured to identify an initialization value for a scram-
bling identifier for resources assigned to one of the one more
interfering UEs using the scrambling identifier.

36. An apparatus configured to schedule resources for a
user equipment (UE) in a multiple-user multiple-input mul-
tiple-output wireless communication system, the apparatus
comprising:

a controller configured to:

identify one or more demodulation reference signal

(DM-RS) ports to assign to a UE and a physical

downlink shared channel (PDSCH) energy per

resource element (EPRE) to DM-RS EPRE ratio for
identifying data intended for the UE in a resource
block in a downlink subframe, and

include an information related to the one or more

DM-RS ports assigned to the UE, a number of layers,
a scrambling identifier, the PDSCH EPRE to DM-RS
EPRE ratio, and whether rate matching around one
or more ports from a DM-RS code division multi-
plexing (CDM) group unassigned to the UE is used
in downlink control information; and a transmitter
coupled with the controller, wherein the transmitter
is configured to transmit the downlink control infor-
mation, and

a transmitter coupled with the controller, wherein the

transmitter is condigured to

transmit the downlink control information, and

transmit the data intended for the UE in the resource
block in the downlink subframe based on a case
determined among four cases according to a bit field
in the downlink control information, wherein the four
cases include:

a first case that (i) one or more first DMRS ports
included in a first DMRS CDM group are assigned
to the UE, (ii) a PDSCH EPRE to DMRS EPRE
ratio has a value of 0 dB, (iii) the data signal is
mapped to the resource for a second DMRS CDM
group unassigned to the UE,

a second case that (i) one or more second DMRS
ports included in the first DMRS CDM group are
assigned to the UE, (ii) the PDSCH EPRE to
DM-RS EPRE ratio has a value of =3 dB and (iii)
the data signal is not mapped to the resource for
the second DMRS CDM group unassigned to the
UE,
third case that (i) one or more thivd DMRS ports
included in the second DMRS CDM group are
assigned to the UE, (ii) the PDSCH EPRE to
DM-RS EPRE ratio has the value of -3 dB and
(iii) the data signal is not mapped to the resource
for the first DMRS CDM group unassigned to the
UE, and

a fourth case that (i) both one or move fourth DMRS
ports included in the first DMRS CDM group and
one or more fifth DMRS ports included in the
second DMRS CDM group are assigned to the UE,
and (ii) the PDSCH EPRE to DMRS EPRE ratio
has the value of -3 dB,

wherein the resource block in the downlink subframe

includes the data for multiple users in the wireless
communication system.

37. The apparatus of claim 36, wherein the controller is
configured to include, in the downlink control information,
information about one or more interfering UEs including at
least one of a modulation and coding scheme of the one or
morve interfering UEs, one or more ports assigned to the one

«
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or more interfering UEs, a number of the one or more
interfering UEs, a UE identifier for the one or more inter-
fering UEs, or a DM-RS port scrambling identifier for the
one or more interfering UEs.

38. The apparatus of claim 37, wherein the controller is
configured to include, in the downlink control information,
whether an interfering UE is allocated a group of vesource
blocks that overlaps with resource blocks assigned to the
UE.
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