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Description

Title of Invention: SYSTEMS AND METHODS FOR DE-

MODULATION REFERENCE SIGNAL SELECTION
Technical Field

The present disclosure relates generally to communication systems. More
specifically, the present disclosure relates to systems and methods for demodulation
reference signal (DMRS) selection.

Background Art

Wireless communication devices have become smaller and more powerful in order to
meet consumer needs and to improve portability and convenience. Consumers have
become dependent upon wireless communication devices and have come to expect
reliable service, expanded areas of coverage and increased functionality. A wireless
communication system may provide communication for a number of wireless commu-
nication devices, each of which may be serviced by a base station. A base station may
be a device that communicates with wireless communication devices.

As wireless communication devices have advanced, improvements in communication
capacity, speed, flexibility and/or efficiency have been sought. However, improving
communication capacity, speed, flexibility and/or efficiency may present certain
problems.

For example, wireless communication devices may communicate with one or more
devices using a communication structure. However, the communication structure used
may only offer limited flexibility and/or efficiency. As illustrated by this discussion,
systems and methods that improve communication flexibility and/or efficiency may be

beneficial.

Summary of Invention

One embodiment of the present invention discloses an evolved Node B (eNB) for de-
modulation reference signal (DMRS) selection, comprising: a processor; memory in
electronic communication with the processor, wherein instructions stored in the
memory are executable to: determine a DMRS configuration based on a modulation
and coding scheme (MCS); determine downlink control information (DCI), wherein
the DCI comprises signaling that indicates the DMRS configuration; and send the DCI.

Another embodiment of the present invention discloses a user equipment (UE) for
demodulation reference signal (DMRS) selection, comprising: a processor; memory in
electronic communication with the processor, wherein instructions stored in the
memory are executable to: receive downlink control information (DCI); obtain

signaling from the DCI that indicates a DMRS configuration, wherein the DMRS con-
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figuration is based on a modulation and coding scheme (MCS); and determine the

DMRS configuration based on the signaling.
Another embodiment of the present invention discloses a method for demodulation

reference signal (DMRS) selection by an evolved Node B (eNB), comprising: de-
termining a DMRS configuration based on a modulation and coding scheme (MCS);
determining downlink control information (DCI), wherein the DCI comprises signaling
that indicates the DMRS configuration; and sending the DCI.

Another embodiment of the present invention discloses a method for demodulation
reference signal (DMRS) selection by a user equipment (UE), comprising: receiving
downlink control information (DCI); obtaining signaling from the DCI that indicates a
DMRS configuration, wherein the DMRS configuration is based on a modulation and
coding scheme (MCS); and determining the DMRS configuration based on the
signaling.

Brief Description of Drawings

[fig.1]Figure 1 is a block diagram illustrating one implementation of one or more
evolved Node Bs (eNBs) and one or more User Equipments (UEs) in which systems
and methods for DMRS selection may be implemented.

[fig.2]Figure 2 is a flow diagram illustrating one implementation of a method for de-
termining a DMRS by an eNB.

[fig.3]Figure 3 is a flow diagram illustrating one implementation of a method for de-
termining a DMRS by a UE.

[fig.4]Figure 4 is a block diagram illustrating examples of DMRS patterns.
[fig.5]Figure 5 is a block diagram illustrating additional examples of DMRS patterns.
[fig.6]Figure 6 is a block diagram illustrating further examples of DMRS patterns.
[fig.7]Figure 7 is a block diagram illustrating one implementation of an eNB in which
systems and methods for DMRS selection may be implemented.

[fig.8]Figure 8 is a block diagram illustrating another implementation of an eNB in
which systems and methods for DMRS selection may be implemented.

[fig.9]Figure 9 is a flow diagram illustrating legacy DMRS selection and dynamic
DMRS selection in accordance with the disclosed systems and methods.
[fig.10]Figure 10 is a flow diagram illustrating implementations of methods for de-
termining a DMRS configuration by an eNB.

[fig.11]Figure 11 is a flow diagram illustrating implementations of methods for de-
termining a DMRS configuration by a UE.

[fig.12]Figure 12 illustrates various components that may be utilized in an eNB.
[fig.13]Figure 13 illustrates various components that may be utilized in a UE.

[fig.14]Figure 14 is a block diagram illustrating one configuration of an eNB in which



WO 2014/155899 PCT/JP2014/000062

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

systems and methods for DMRS selection may be implemented.

[fig.15]Figure 15 is a block diagram illustrating one configuration of a UE in which
systems and methods for DMRS selection may be implemented.

Description of Embodiments

An eNB for DMRS selection is described. The eNB includes a processor and ex-
ecutable instructions stored in memory that is in electronic communication with the
processor. The eNB determines a DMRS configuration based on a modulation and
coding scheme (MCS). The eNB also determines downlink control information (DCI).
The DCI includes signaling that indicates the DMRS configuration. The eNB further
sends the DCI.

The DMRS configuration may be determined from among multiple DMRS config-
urations that differ in at least one or both of a DMRS pattern and a DMRS sequence
symbol modulation order. Determining the DMRS configuration may include de-
termining a DMRS configuration index based on the MCS. The DMRS configuration
may be determined based on the DMRS configuration index.

Determining the DMRS configuration may include determining an MCS index and a
number of physical resource blocks (Npgg). The DMRS configuration may be de-
termined based on the MCS index and the Npgg.

The MCS index may be based on a single codeword associated with a single
codeword transmission. The MCS index may be based on at least one of a first
codeword and a second codeword associated with a multiple codeword transmission.

The signaling may include at least one of a DMRS configuration index, an MCS
index and an Npgp. The DCI may be a downlink (DL) assignment DCI corresponding
to a physical downlink shared channel (PDSCH) transmission. The DCI may be an
uplink (UL) assignment DCI corresponding to a physical uplink shared channel
(PUSCH) transmission.

The eNB may also schedule a PUSCH transmission. The eNB may further receive a
PUSCH transmission. The eNB may additionally estimate a channel based on the
DMRS configuration. The eNB may also decode the PUSCH transmission based on
the DMRS configuration.

A UE for DMRS selection is also described. The UE includes a processor and ex-
ecutable instructions stored in memory that is in electronic communication with the
processor. The UE receives DCI. The UE also obtains signaling from the DCI that
indicates a DMRS configuration. The DMRS configuration is based on an MCS. The
UE further determines the DMRS configuration based on the signaling.

The DMRS configuration may be determined from among multiple DMRS config-
urations that differ in at least one or both of a DMRS pattern and a DMRS sequence
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symbol modulation order. Determining the DMRS configuration may include de-
termining a DMRS configuration index based on the DCI. The DMRS configuration
may be determined based on the DMRS configuration index.

Determining the DMRS configuration may include determining an MCS index and
an Npgg. The DMRS configuration may be determined based on the MCS index and the
NPRB'

The MCS index may be based on a single codeword associated with a single
codeword transmission. The MCS index may be based on at least one of a first
codeword and a second codeword associated with a multiple codeword transmission.

The signaling may include at least one of a DMRS configuration index, an MCS
index and an Npgp. The DCI may be a DL assignment DCI corresponding to a PDSCH
transmission. The DCI may be an UL assignment DCI corresponding to a PUSCH
transmission.

The UE may also encode a PUSCH transmission based on the DMRS configuration.
The UE may further send the PUSCH transmission.

A method for DMRS selection by an eNB is also described. The method includes de-
termining a DMRS configuration based on an MCS. The method also includes de-
termining DCI. The DCI includes signaling that indicates the DMRS configuration.
The method additionally includes sending the DCI.

A method for DMRS selection by a UE is also described. The method includes
receiving DCI. The method also includes obtaining signaling from the DCI that
indicates a DMRS configuration. The DMRS configuration is based on an MCS. The
method further includes determining the DMRS configuration based on the signaling.

The 3rd Generation Partnership Project, also referred to as "3GPP," is a collaboration
agreement that aims to define globally applicable technical specifications and technical
reports for third and fourth generation wireless communication systems. The 3GPP
may define specifications for next generation mobile networks, systems, and devices.

3GPP Long Term Evolution (LTE) is the name given to a project to improve the
Universal Mobile Telecommunications System (UMTS) mobile phone or device
standard to cope with future requirements. In one aspect, UMTS has been modified to
provide support and specification for the Evolved Universal Terrestrial Radio Access
(E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN).

At least some aspects of the systems and methods disclosed herein may be described
in relation to the 3GPP LTE, LTE-Advanced (LTE-A) and other standards (e.g., 3GPP
Releases 8, 9, 10 and/or 11). However, the scope of the present disclosure should not
be limited in this regard. At least some aspects of the systems and methods disclosed
herein may be utilized in other types of wireless communication systems.

A wireless communication device may be an electronic device used to communicate
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voice and/or data to a base station, which in turn may communicate with a network of
devices (e.g., public switched telephone network (PSTN), the Internet, etc.). In de-
scribing systems and methods herein, a wireless communication device may alter-
natively be referred to as a mobile station, a UE, an access terminal, a subscriber
station, a mobile terminal, a remote station, a user terminal, a terminal, a subscriber
unit, a mobile device, etc. Examples of wireless communication devices include
cellular phones, smart phones, personal digital assistants (PDAs), laptop computers,
netbooks, e-readers, wireless modems, etc. In 3GPP specifications, a wireless commu-
nication device is typically referred to as a UE. However, as the scope of the present
disclosure should not be limited to the 3GPP standards, the terms "UE" and "wireless
communication device" may be used interchangeably herein to mean the more general
term "wireless communication device."

In 3GPP specifications, a base station is typically referred to as a Node B, an evolved
Node B (eNB), a home enhanced or evolved Node B (HeNB) or some other similar ter-
minology. As the scope of the disclosure should not be limited to 3GPP standards, the
terms "base station," "Node B," "eNB," and "HeNB" may be used interchangeably
herein to mean the more general term "base station." Furthermore, the term "base
station” may be used to denote an access point. An access point may be an electronic
device that provides access to a network (e.g., Local Area Network (LAN), the
Internet, etc.) for wireless communication devices. The term "communication device"
may be used to denote both a wireless communication device (e.g., UE) and/or a base
station (e.g., eNB).

It should be noted that as used herein, a "cell" may refer to any set of communication
channels over which the protocols for communication between a UE and eNB that may
be specified by standardization or governed by regulatory bodies to be used for Inter-
national Mobile Telecommunications-Advanced (IMT-Advanced) or its extensions and
all of it or a subset of it may be adopted by 3GPP as licensed bands (e.g., frequency
bands) to be used for communication between an eNB and a UE. "Configured cells"
are those cells of which the UE is aware and is allowed by an eNB to transmit or
receive information. "Configured cell(s)" may be serving cell(s). The UE may receive
system information and perform the required measurements on all configured cells.
"Activated cells" are those configured cells on which the UE is transmitting and
receiving. That is, activated cells are those cells for which the UE monitors the
physical downlink control channel (PDCCH) and in the case of a downlink
transmission, those cells for which the UE decodes a physical downlink shared channel
(PDSCH). "Deactivated cells" are those configured cells that the UE is not monitoring
the transmission PDCCH. It should be noted that a "cell” may be described in terms of

differing dimensions. For example, a "cell" may have temporal, spatial (e.g., geo-
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graphical) and frequency characteristics.

The systems and methods disclosed herein describe demodulation reference signal
selection. A communication device (e.g., a UE or an eNB) may include a receiver. In
some implementations, the receiver may perform channel estimation in order to
perform channel equalization on a received signal. The receiver may estimate a
channel using reference signals. The reference signal used for demodulation may be
referred to as a demodulation reference signal. The quality of the channel estimate
depends on the number of symbols used for estimating the channel as well as the
received signal-to-noise (SNR) ratio of the DMRS. Higher SNRs as well as larger
numbers of received DMRS symbols may improve the channel estimation quality. The
quality of a DMRS-based channel estimation may be measured either directly based on
the accuracy of the estimation or indirectly by the impact of the DMRS on the
probability of correct demodulation.

Furthermore, by applying adaptive coding and modulation (ACM), a transmitter may
adjust the MCS (e.g., the coding rate and modulation order) according to the channel
condition. For example, at low SNRs, the transmitter may reduce the coding rate and
may use a lower modulation order. Conversely, at high SNRs, the transmitter may
increase the coding rate and may use higher order modulations.

If a single DMRS with a fixed number of symbols and fixed transmit power is used,
and the number of symbols and the transmit power is selected for a given channel
condition or received SNR, e.g., the lowest SNR at which an adaptive coding and
modulation is defined, which uses the lowest coding rate and modulation order, then at
higher SNRs the performance of the DMRS may be much better than what is required.
Therefore, this may result in excess power transmission and consumption or an un-
necessary number of DMRS symbols, which may be removed and still satisfy the
required performance. Moreover, the excess DMRS symbols are considered as
overhead, which can be replaced by symbols carrying the application or other control
data. Finally, the excess power/time/frequency resource usage of the DMRS symbols
means that those resources might not be able to be re-used in a small area, limiting
capacity per unit area.

Current solutions provide mechanisms to change the sequence of a DMRS to reduce
interference, but no mechanism currently exists to reduce or increase the number of
DMRS symbols. According to the systems and methods described herein, a DMRS
configuration may change dynamically when data is transmitted. Therefore, the
disclosed systems and methods describe dynamic DMRS selection, which may provide
flexibility in the scheduling of communication devices. Furthermore, the disclosed
systems and methods may reduce the overhead of control information, resulting in

higher spectral efficiency and improved utilization of resources without sacrificing
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communication device performance.

Various examples of the systems and methods disclosed herein are now described
with reference to the Figures, where like reference numbers may indicate functionally
similar elements. The systems and methods as generally described and illustrated in the
Figures herein could be arranged and designed in a wide variety of different imple-
mentations. Thus, the following more detailed description of several implementations,
as represented in the Figures, is not intended to limit scope as claimed, but is merely
representative of the systems and methods.

Figure 1 is a block diagram illustrating one implementation of one or more eNBs 160
and one or more UEs 102 in which systems and methods for DMRS selection may be
implemented. The one or more eNBs 160 communicate with one or more UEs 102
using one or more antennas 180a-n. For example, an eNB 160 transmits electro-
magnetic signals to the UE 102 and receives electromagnetic signals from the UE 102
using the one or more antennas 180a-n. The UE 102 communicates with the eNB 160
using one or more antennas 122a-n.

The eNB 160 and the UE 102 may use one or more channels 119, 121 to com-
municate with each other. For example, the one or more eNBs 160 may transmit in-
formation or data to the one or more UEs 102 using one or more downlink channels
119, for instance. Examples of downlink channels 119 include a PDCCH, an
EPDCCH, a PDSCH, etc. A UE 102 may also transmit information or data to the eNB
160 using one or more uplink channels 121. Examples of uplink channels 121 include
a physical uplink control channel (PUCCH) and a PUSCH, etc. Other kinds of
channels may be used.

It should be noted that a DL subframe may be transmitted from the eNB 160 to one
or more UEs 102 and that a UL subframe may be transmitted from one or more UEs
102 to the eNB 160. Furthermore, both the eNB 160 and the one or more UEs 102 may
transmit data in a standard special subframe.

It should also be noted that the UE 102 may receive information from more than one
eNB 160 or transmission point. Also, the transmitted information from a UE 102 may
be received by more than one eNB 160 or reception point. Furthermore, the eNB(s)
160 that schedules the resources and provides configuration information may be
different than the eNB 160 that transmits the DL control and application data in-
formation. Additionally, different eNB(s) 160 or reception points may receive the UE
102 information transmitted in the UL control or shared channel. In particular, the eNB
160 or transmission point that sends configuration information to the UE 102 (in this
case the DMRS configuration 107) may be different than the eNB 160 or transmission
point that transmits the DMRS in the DL, and a different eNB 160 or reception point
may receive the DMRS transmitted by the UE 102 in the UL.
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As used herein, a point (e.g., a transmission point or a reception point) may be a set
of geographically co-located antennas. A point may also be referred to as a site. Points
may be located on or connected to the same base station (e.g., eNB 160) or different
base stations. Furthermore, UL transmissions by the UE 102 may be received by
multiple points. Those points that transmit on the downlink to the UE 102 may be
referred to as transmission points. Those points that receive transmissions on the
uplink from a UE 102 may be referred to as reception points.

The eNB 160 may include one or more transceivers 176, one or more demodulators
172, one or more decoders 166, one or more encoders 109, one or more modulators
113, a data buffer 162 and an eNB operations module 182. For example, one or more
reception and/or transmission paths may be implemented in an eNB 160. For con-
venience, only a single transceiver 176, decoder 166, demodulator 172, encoder 109
and modulator 113 are illustrated in the eNB 160, though multiple parallel elements
(e.g., transceivers 176, decoders 166, demodulators 172, encoders 109 and modulators
113) may be implemented.

The transceiver 176 may include one or more receivers 178 and one or more
transmitters 117. The one or more receivers 178 may receive signals from the UE 102
using one or more antennas 180a-n. For example, the receiver 178 may receive and
downconvert signals to produce one or more received signals 174. The one or more
received signals 174 may be provided to a demodulator 172. The one or more
transmitters 117 may transmit signals to the UE 102 using one or more antennas
180a-n. For example, the one or more transmitters 117 may upconvert and transmit one
or more modulated signals 115.

The demodulator 172 may demodulate the one or more received signals 174 to
produce one or more demodulated signals 170. The one or more demodulated signals
170 may be provided to the decoder 166. The eNB 160 may use the decoder 166 to
decode signals. The decoder 166 may produce one or more decoded signals 164, 168.
For example, a first eNB-decoded signal 164 may comprise received payload data,
which may be stored in a data buffer 162. A second eNB-decoded signal 168 may
comprise overhead data and/or control data. For example, the second eNB-decoded
signal 168 may provide data (e.g., downlink channel state information (DL-CSI)) that
may be used by the eNB operations module 182 to perform one or more operations. It
should be noted that it is possible to multiplex payload data or application data with
control data. That is, a decoded signal may include payload data or application data as
well as overhead data (e.g., control data).

As used herein, the term "module” may mean that a particular element or component
may be implemented in hardware, software or a combination of hardware and

software. However, it should be noted that any element denoted as a "module" herein
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may alternatively be implemented in hardware. For example, the eNB operations
module 182 may be implemented in hardware, software or a combination of both.

In general, the eNB operations module 182 may enable the eNB 160 to communicate
with the one or more UEs 102. The eNB operations module 182 may include one or
more of an eNB DMRS configuration determination module 196, one or more DMRS
configurations 107 and a DCI determination module 198. It should be noted that the
eNB DMRS configuration determination module 196 may be in a different eNB 160 or
transmission point than the eNB 160 or transmission point that transmits the DMRS
configuration 107. In this case, the eNB 160 or transmission point with the eNB
DMRS configuration determination module 196 may inform the eNB 160 or
transmission point of the DMRS configuration 107.

The eNB DMRS configuration determination module 196 may determine a DMRS
configuration 107 based on an MCS. The MCS may include the modulation order and
the coding rate of a transmission (e.g., a PDSCH or PUSCH transmission).

The modulation order (Q,,) may be defined as the number of modulated symbols in a
modulation scheme. The coding rate may be defined by a ratio of k/n, in which n is the
number of coded bits generated by applying a coding algorithm to the k uncoded bits.

The MCS of the eNB 160 may change. In one implementation, the eNB 160 may
determine the MCS based on DL-CSI, which may be received from the UE 102. The
eNB 160 may additionally or alternatively determine the MCS based on one or more
other factors, which may include a DL frame error rate and quality of service (QoS).

The eNB DMRS configuration determination module 196 may determine a DMRS
configuration 107 from among multiple DMRS configurations 107. As described
above, a DMRS is a reference signal that may be used for a channel estimate as-
sociated with demodulation. The quality of a channel estimate depends on the number
of symbols used for estimating the channel as well as the received signal-to-noise
(SNR) ratio of the DMRS. Higher SNRs as well as larger numbers of received DMRS
symbols may improve the channel estimation quality. Therefore, the eNB 160 may
change the number of DMRS symbols based on the MCS.

A DMRS configuration 107 may include parameters used to generate a DMRS
sequence. Each DMRS configuration 107 may differ in at least a DMRS pattern or a
DMRS sequence symbol modulation order when DMRS sequence symbols are
selected from a set of modulation symbols, e.g. quadrature phase shift keying (QPSK)
symbols. For example, the DMRS configuration may be determined from among
multiple DMRS configurations that differ in at least one or both of a DMRS pattern
and a DMRS sequence symbol modulation order. A DMRS pattern may be defined as
the resource elements occupied by the DMRS symbols. Various examples of DMRS

patterns are illustrated in Figures 4-6. A DMRS pattern may also be referred to as a
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DMRS resource element pattern. The DMRS pattern may indicate the number of
symbols allocated for transmission of a codeword (in rate matching) associated with a
PDSCH transmission. Additionally or alternatively, the DMRS pattern may indicate
the location of punctured symbols.

In one implementation, the DMRS configuration 107 may be determined by the eNB
DMRS configuration determination module 196 based on parameters associated with
the MCS. One parameter may be an MCS index (Iycs). The MCS may be represented
by the Iycs. It should be noted that in 3GPP specifications the MCS might also refer to
IMCS'

Another parameter that may be used to determine the DMRS configuration 107 is the
Npgs. For example, the eNB 160 may determine the Npgp allocated for a DL
transmission of a shared channel (e.g., PDSCH) to the UE 102. The Iycs and Npgg
completely define the MCS. It should be noted that in general, the Iycs is an index that
is used to determine the MCS.

In one implementation, the eNB DMRS configuration determination module 196
may determine the DMRS configuration 107 directly from the Iycs and Npgg. For
example, the Iycs and Npgg may be entries in a lookup table that indicates the DMRS
configuration 107, as described in more detail in connection with Figure 2 below. In
another implementation, the eNB DMRS configuration determination module 196 may
determine a DMRS configuration index (Ipmrs) based on the Iyes and Npgg. Upon de-
termining the Ipyrs, the eNB DMRS configuration determination module 196 may
determine the DMRS configuration 107.

The eNB DMRS configuration determination module 196 may determine the DMRS
configuration 107 based on the transmission of single codewords or the transmission of
multiple codewords. In the case of multiple code words, the eNB DMRS configuration
determination module 196 may determine the DMRS configuration 107 based on the
MCS index of one of the codewords, as described below in more detail.

The DCI determination module 198 may determine DCI. The DCI may be sent to the
UE 102. The DCI may be sent in packets of pre-specified length, which may be
referred to in the singular (e.g., a DCI). A PDCCH or enhanced physical downlink
control channel (EPDCCH) may carry a DCI. Different DCIs may carry different in-
formation. For example, one DCI may be used to inform UEs 102 about downlink
resource allocation and another DCI may be used to inform a specific UE 102 about
uplink resource allocation, etc. Therefore, depending on the functionality of a DCI,
different DCIs with different functionality may have different lengths. Different DCIs
may be distinguished by the way they are formatted and coded, which may be referred
to as DCI formats. A DCI may transport downlink or uplink scheduling information,

requests for aperiodic channel quality indicator (CQI) reports, notifications of a
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multicast control channel (MCCH) change or uplink power control commands for one
cell and one RNTI (Radio Network Temporary Identifier). The RNTI may be im-
plicitly encoded in the cyclic redundancy check (CRC).

The DCI may vary depending on whether a transmission is a downlink transmission
or an uplink transmission. For example, for a DL transmission, the DCI may be a DL
assignment DCI, which may indicate, among other things, the resources and config-
urations used for transmission of data in the PDSCH. Therefore, the DL assignment
DCI may include the Iycs of the PDSCH. For an uplink transmission, the DCI may be a
UL assignment DCI, which may indicate, among other things, the resources and con-
figurations used for transmission of data in the PUSCH. Therefore, the UL assignment
DCI may include the Iycs of the PUSCH.

The DCI may also include signaling that indicates the DMRS configuration 107. In
one implementation, the signaling may include the Iycs or the Npgg or both the Iycs and
the Npgp for the transmission. In another implementation, the signaling may include the
IDMRS-

The eNB operations module 182 may provide information 190 to the one or more
receivers 178. For example, the eNB operations module 182 may inform the
receiver(s) 178 when or when not to receive PUSCH information.

The eNB operations module 182 may provide information 188 to the demodulator
172. For example, the eNB operations module 182 may inform the demodulator 172 of
a modulation pattern anticipated for transmissions from the UE(s) 102. The PUSCH in-
formation received from a UE 102 may be demodulated based on the DMRS con-
figuration 107.

The eNB operations module 182 may provide information 186 to the decoder 166.
For example, the eNB operations module 182 may inform the decoder 166 of an an-
ticipated encoding for transmissions from the UE(s) 102. The PUSCH information
received from a UE 102 may be decoded based on the DMRS configuration 107.

The eNB operations module 182 may provide information 101 to the encoder 109.
The information 101 may include data to be encoded and/or instructions for encoding.
For example, the eNB operations module 182 may instruct the encoder 109 to encode
transmission data 105 and/or other information 101. In some implementations, the
other information may include a DCI.

The encoder 109 may encode transmission data 105 and/or other information 101
provided by the eNB operations module 182. For example, encoding the data 105 and/
or other information 101 may involve error detection and/or correction coding,
mapping data to space, time and/or frequency resources for transmission, multiplexing,
etc. The encoder 109 may provide encoded data 111 to the modulator 113. The
transmission data 105 may include network data to be relayed to the UE 102.
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The eNB operations module 182 may provide information 103 to the modulator 113.
This information 103 may include instructions for the modulator 113. For example, the
eNB operations module 182 may inform the modulator 113 of a modulation type (e.g.,
constellation mapping) to be used for transmissions to the UE(s) 102. The modulator
113 may modulate the encoded data 111 to provide one or more modulated signals 115
to the one or more transmitters 117.

The eNB operations module 182 may provide information 192 to the one or more
transmitters 117. This information 192 may include instructions for the one or more
transmitters 117. For example, the eNB operations module 182 may instruct the one or
more transmitters 117 when to (or when not to) transmit a signal to the UE(s) 102. In
some implementations, this may be based on the DMRS configuration 107. The one or
more transmitters 117 may upconvert and transmit the modulated signal(s) 115 to one
or more UEs 102.

Each of the one or more UEs 102 may include one or more transceivers 118, one or
more demodulators 114, one or more decoders 108, one or more encoders 150, one or
more modulators 154, a data buffer 104 and a UE operations module 124. For
example, one or more reception and/or transmission paths may be implemented in the
UE 102. For convenience, only a single transceiver 118, decoder 108, demodulator
114, encoder 150 and modulator 154 are illustrated in the UE 102, though multiple
parallel elements (e.g., transceivers 118, decoders 108, demodulators 114, encoders
150 and modulators 154) may be implemented.

The transceiver 118 may include one or more receivers 120 and one or more
transmitters 158. The one or more receivers 120 may receive signals from the eNB 160
using one or more antennas 122a-n. For example, the receiver 120 may receive and
downconvert signals to produce one or more received signals 116. The one or more
received signals 116 may be provided to a demodulator 114. The one or more
transmitters 158 may transmit signals to the eNB 160 using one or more antennas
122a-n. For example, the one or more transmitters 158 may upconvert and transmit one
or more modulated signals 156.

The demodulator 114 may demodulate the one or more received signals 116 to
produce one or more demodulated signals 112. The one or more demodulated signals
112 may be provided to the decoder 108. The UE 102 may use the decoder 108 to
decode signals. The decoder 108 may produce one or more decoded signals 106, 110.
For example, a first UE-decoded signal 106 may comprise received payload data,
which may be stored in a data buffer 104. A second UE-decoded signal 110 may
comprise overhead data and/or control data. For example, the second UE-decoded
signal 110 may provide data that may be used by the UE operations module 124 to

perform one or more operations.
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In general, the UE operations module 124 may enable the UE 102 to communicate
with the one or more eNBs 160. The UE operations module 124 may include one or
more of a DCI interpreter 126, a UE DMRS configuration determination module 128
and one or more DMRS configurations 130.

The DCI interpreter 126 may receive a DCI, which may be sent from the eNB 160.
The DCI interpreter 126 may obtain signaling from the DCI that indicates a DMRS
configuration 130. As described above, the DCI may be a DL assignment DCI as-
sociated with a DL transmission or a UL assignment DCI associated with a UL
transmission. In one implementation, the signaling may include the Iycs or the Npgg or
both the Iycs and the Npgg for the transmission. In another implementation, the
signaling may include the Ipyrs. The signaling may indicate a DMRS configuration
130 for the UE 102 that corresponds to the DMRS configuration 130 determined by the
eNB 160.

The UE DMRS configuration determination module 128 may determine the DMRS
configuration 130 based on the signaling obtained from the DCI. In one imple-
mentation, the UE DMRS configuration determination module 128 may determine the
DMRS configuration 130 directly from the Iycs and Npgg. For example, Iycs and Npgg
may be entries in a lookup table that indicates the DMRS configuration 130, as
described in more detail below. In another implementation, the UE DMRS con-
figuration determination module 128 may determine an Ipyrs based on the Iycs and N
pre- Upon determining Ipygs, the UE DMRS configuration determination module 128
may determine the DMRS configuration 130. In yet another implementation, the UE
DMRS configuration determination module 128 may determine the DMRS con-
figuration 130 directly from an Ipygs that may be obtained from the DCI.

The UE operations module 124 may provide information 148 to the one or more
receivers 120. For example, the UE operations module 124 may inform the receiver(s)
120 when to receive transmissions.

The UE operations module 124 may provide information 138 to the demodulator
114. For example, the UE operations module 124 may inform the demodulator 114 of a
modulation pattern anticipated for transmissions from the eNB 160.

The UE operations module 124 may provide information 136 to the decoder 108. For
example, the UE operations module 124 may inform the decoder 108 of an anticipated
encoding for transmissions from the eNB 160.

The UE operations module 124 may provide information 142 to the encoder 150. The
information 142 may include data to be encoded and/or instructions for encoding. For
example, the UE operations module 124 may instruct the encoder 150 to encode
transmission data 146 and/or other information 142.

The encoder 150 may encode transmission data 146 and/or other information 142
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provided by the UE operations module 124. For example, encoding the data 146 and/or
other information 142 may involve error detection and/or correction coding, mapping
data to space, time and/or frequency resources for transmission, multiplexing, etc. The
encoder 150 may provide encoded data 152 to the modulator 154.

The UE operations module 124 may provide information 144 to the modulator 154.
For example, the UE operations module 124 may inform the modulator 154 of a
modulation type (e.g., constellation mapping) to be used for transmissions to the eNB
160. The modulator 154 may modulate the encoded data 152 to provide one or more
modulated signals 156 to the one or more transmitters 158.

The UE operations module 124 may provide information 140 to the one or more
transmitters 158. This information 140 may include instructions for the one or more
transmitters 158. For example, the UE operations module 124 may instruct the one or
more transmitters 158 when to transmit a signal to the eNB 160.

It should also be noted that one or more of the elements or parts thereof included in
the eNB(s) 160 and UE(s) 102 may be implemented in hardware. For example, one or
more of these elements or parts thereof may be implemented as a chip, circuitry or
hardware components, etc. It should also be noted that one or more of the functions or
methods described herein may be implemented in and/or performed using hardware.
For example, one or more of the methods described herein may be implemented in
and/or realized using a chipset, an application-specific integrated circuit (ASIC), a
large-scale integrated (LSI) circuit or integrated circuit, etc.

Figure 2 is a flow diagram illustrating one implementation of a method 200 for de-
termining a DMRS by an eNB 160. The eNB 160 may determine 202 a DMRS con-
figuration 107 based on an MCS. For example, if ACM is used, the eNB 160 may
change the coding rate and modulation order (e.g., the MCS) according to DL-CSI. For
instance, the eNB 160 may select an appropriate MCS for a transmission based on a
DL-CSI received from the UE 102. The eNB 160 may additionally or alternatively
determine the MCS based on one or more other factors, which may include DL frame
error rate and quality of service (QoS). The eNB 160 may determine 202 a DMRS con-
figuration 107 based on the MCS. Because the MCS may change, the DMRS con-
figuration 107 may also change. The MCS may be represented by an Iycs.

The eNB 160 may also determine an Npgg. In one implementation, the Npgg may
correspond to the number of resource blocks allocated for a DL transmission (e.g.,
PDSCH) to the UE 102. In another implementation, the Nprg may correspond to the
number of resource blocks allocated for a UL transmission (e.g., PUSCH) from the UE
102 to the eNB 160.

The Iyes and Nprg may completely define the modulation and coding scheme (MCS).

For example, the Iycs may indicate a modulation order for a PDSCH transmission as il-
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lustrated in Table (1) below.
MCS Index | Modulation | ppgp dex | MCS Index | Modulation | ppgy g
Order Order
vcs 0, Itps vcs 0, ItRs

0 2 0 16 4 15

1 2 1 17 6 15

2 2 2 18 6 16

3 2 3 19 6 17

4 2 4 20 6 18

5 2 5 21 6 19

6 2 6 2 6 20

7 2 7 23 6 21

8 2 8 24 6 2

9 2 9 25 6 23

10 4 9 26 6 24

11 4 10 27 6 25

12 4 11 28 6 26

13 4 12 29 2

14 4 13 30 4 reserved
15 4 14 31 6

Table (1)

[0081] In Table (1), the modulation order for a PDSCH transmission may be determined
based on the Iycs. Furthermore, the Iycs may indicate a modulation order for a PUSCH
transmission as illustrated in Table (2) below. In particular, Table (2) illustrates a

modulation, TBS index and redundancy version table for PUSCH transmissions.
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MCS Index Modulation Order TBS Index Redundancy
ILycs QI”I’I I1pg Version

PVidx
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
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25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
31 3
Table (2)
[0082]  In Table (2), rviex is the redundancy version of a transmitted codeword. The re-

[0083]

[0084]

[0085]

dundancy version index O is used for initial transmission. The redundancy version
indicates the way coded bits are ordered at the output of the encoder 109 in order to
form a codeword.

The modulation order may be defined as the number of modulated symbols in a
modulation scheme. The modulation order may be based on the number of bits that are
mapped into a modulated symbol. For example, quadrature phase shift keying (QPSK)
modulation is of order 4, since there are 4 symbols in a QPSK modulation scheme. The
QPSK modulation maps two binary bits into a modulated symbol. Therefore, QPSK
has order of 2°=4. Similarly, 16-Quadrature Amplitude Modulation (QAM) maps 4 bits
into a modulation symbol. Therefore, 16-QAM has an order of 24=16.

Four bits are needed to represent the Iycs for identifying entries in Table (1) and
Table (2) above. Higher order modulations may also be used. For example, 256-QAM
may be used with Q,, = 8. In this case, either the same 4 bits of Iy are used, but the
entries of Table (1) and Table (2) above are modified to accommodate for the higher
order modulation (e.g., 256-QAM), or additional bits are used to identify the Q,, and I
ms- Therefore, as used herein, Iycs contains all the bits and information to identify Q,,
and Igs. For example, one bit in the DCI or in Radio Resource Control (RRC) in-
formation may be used to indicate whether 256-QAM is supported or not, and a com-
bination of that bit with four bits of Iycs in the DCI determines the MCS.

A transport block size (TBS) index (Irgs) may also be determined based on the Iycs as
illustrated in Table (1) for PDSCH and Table (2) for PUSCH. In some imple-
mentations, the eNB 160 may change the coding rate by changing the TBS. The TBS
may represent the size (e.g., number of bits) of a transport block, which is the data that
is delivered to the physical layer on a transport channel (e.g., PDSCH). Data may
arrive at the encoder 109 (e.g., coding unit) in the form of a maximum of two transport
blocks. Therefore, the TBS may indicate the number of uncoded bits to enter the

encoder 109. It should be noted that each transport block may have its own I;gg and I
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[0086]

[0087]
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MCS-
The encoder 109 may have one input, which is an uncoded bit stream, and may have

more than one output. The encoder 109 may encode the uncoded bits into 'v' coded
bits. The coding unit may perform several functionalities including encoding, in-
terleaving the coded bits and bit selection (which is how the bits at the output may be
selected to form a stream of coded bits, for example).

The eNB 160 may allocate a number of resource elements for transmission of data. A
resource element may be the smallest time-frequency resource unit for uplink/
downlink transmissions. One resource element may have a bandwidth equal to a
subcarrier and time duration equal to an orthogonal frequency division multiplexed
(OFDM)/single-carrier frequency division multiple access (SC-FDMA) symbol. The
complex-valued modulation symbols for each of the codewords to be transmitted may
be mapped onto one or several layers. After layer mapping and precoding mapping, for
each of the antenna 180 ports used for transmission of the physical channel, a block of
complex-valued modulation symbols may be mapped to resource elements. The
modulation order determines the number of coded bits that are mapped to each
complex-valued modulation symbol.

The modulation order, number of layers and number of resources allocated for a
transmission of data may determine the number of coded bits. As described above, the
TBS defines the number of bits of input for the encoder 109. TBS may be determined
as illustrated in Table (3).

s NpRrB
1 2 | 3 | 4 | s |6 | 7 8 9 | 10

0 16 | 32 | 56 | 88 | 120 | 152 | 176 | 208 | 224 | 256
1 24 | 56 | 88 | 144 | 176 | 208 | 224 | 256 | 328 | 344
2 | 32 | 72 | 144 | 176 | 208 | 256 | 296 | 328 | 376 | 424
3 | 40 | 104 | 176 | 208 | 256 | 328 | 392 | 440 | 504 | 568
4 | 56 | 120 | 208 | 256 | 328 | 408 | 488 | 552 | 632 | 696
5 0 72 | 144 | 224 | 328 | 424 | 504 | 600 | 680 | 776 | 872
6 | 328 | 176 | 256 | 392 | 504 | 600 | 712 | 808 | 936 | 1032

7 | 104 | 224 | 328 | 472 | 584 | 712 | 840 | 968 | 1096 | 1224
8 | 120 | 256 | 392 | 536 | 680 | 808 | 968 | 1096 | 1256 | 1384
9 | 136 | 296 | 456 | 616 | 776 | 936 | 1096 | 1256 | 1416 | 1544
10 | 144 | 328 | 504 | 680 | 872 | 1032 | 1224 | 1384 | 1544 | 1736

Table (3)
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In Table (3), the TBS (e.g., the number of bits of a transport block) may be de-
termined based on Igg and Npgg. For a PDSCH transmission, I1gs may be determined
as illustrated in Table (1) above. For a PUSCH transmission, I1zs may be determined as
illustrated in Table (2) above.

Upon determining the MCS, the eNB 160 may determine 202 the DMRS con-
figuration 107 based the Iycs and Npgg. The DMRS configuration 107 may include one
or a combination of DMRS sequences. For example, a DMRS configuration 107 may
include parameters needed to generate a DMRS sequence. The DMRS configuration
107 parameters may include a parameter (e.g., njp) to initiate a pseudo random number
generator algorithm (or a pseudo random number generating module). For instance, njp
is the parameter that is used to initialize the pseudo random number generating
module.

In one implementation, pseudo-random sequences may be defined by a length-31
Gold sequence. The output sequence

c(n)

of length

MpN

, where

n=01,.., MpN -1

, may be defined by equations (1) - (3).

e(n)=(x)(n+ Ne) +x0(n+ N ) Jmod 2 0
x(n+31)= (x1 (n+3)+x (n))modZ )
% (n+31) = (vp (1 +3) + 25 (n+2) + X (n+1) + x, (1)) mod 2 3)

In equation (1), 'N¢' = 1600 and the first m-sequence may be initialized with
x1(0) =1,x1(n) =0,n=12,...,30

. The initialization of the second m-sequence is denoted by
30 N Al
Cinit = > 7_q32(D)-2’

with the value depending on the application of the sequence. The pseudo-random

sequence generator may be initialized with
einit = (s /2]+1)- (2”%80113) + 1) 21 +n5em
at the start of each subframe. The quantities

2

2
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i=0,1
, are given by

() _ _cell
"D =MD

if no value for

,OMRS,i
ID

is provided by higher layers or if DCI format 1A is used for the DCI associated with
the PDSCH transmission. Otherwise,

(/) _ DMRS,i
"ID = "D

. In one example, the DMRS configuration 107 parameters may include parameters

L DOMRS,i
ID

[0093]  The DMRS configuration 107 parameters may also include a DMRS pattern (e.g., the
time and/or frequency resources allocated for transmission of DMRS symbols). The
DMRS configuration 107 parameters may further include the one or more antenna
ports to be used for transmission of the DMRS. The DMRS configuration 107 pa-
rameters may additionally include parameters used for generating a scrambling
sequence (e.g., a parameter to initialize a pseudo random number generating module).

[0094]  In some implementations, the DMRS configuration 107 may be determined 202
using Iycs and Npgg as entries in a lookup table. Iycs and Nprg may indicate rows and
columns of a lookup table in which the entry of the table is a DMRS configuration 107.
For example, a DMRS configuration 107 may be mapped to Iycs and Npgg as illustrated

in Table (4).
NprB
Imcs
1 2 3
0 DMRS Config1 | DMRS Config2 | DMRS Config 3
1 DMRS Config4 | DMRS Config5 | DMRS Config 6
Table (4)

[0095]  In Table (4), the term "DMRS Config" refers to a particular DMRS configuration
107. As described above, each of the DMRS configurations 107 may differ in at least
one or both of a DMRS pattern and a DMRS sequence symbol modulation order. It
should be noted that the DMRS configuration 107 mapping illustrated in Table (4) is

just one example of possible mappings. Furthermore, there may be more entries for |
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mcss Nprg and DMRS Config than is illustrated in Table (4).
In another implementation, the DMRS configuration 107 may be determined 202 by
mapping Iycs and Npgg to a DMRS configuration index (e.g., Ipygrs). For example, Ipygs

may be mapped to Iyics and Npgp as illustrated in Table (5).

NprB
Ivics
1 2 3
0 IpMrs =1 IDMRS =2 Ipmrs =3
1 IDMmRrs =4 IDmMRrs =35 IpmRS =6

Table (5)

In Table (5), Ipmrs is assigned a value based on Iycs and Npgg. It should be noted that
the Ipvrs mapping illustrated in Table (5) is just one example of possible mappings.
Furthermore, there may be more entries for Iycs, Npgg and Ipygs than is illustrated in
Table (5). Upon determining Ipygs according to Table (5), the DMRS configuration
107 may be determined 202 as illustrated in Table (6).

IDMRS DMRS Configuration

1 DMRS Config 1
2 DMRS Config 2
3 DMRS Config 3
4 DMRS Config 4
5
6

DMRS Config 5
DMRS Config 6

Table (6)

The DMRS configuration 107 may be determined 202 for a single or multiple
codeword transmission on the PDSCH or PUSCH. In the case of a single codeword
transmission, the DMRS configuration 107 may be determined 202 as described above.
In the case when multiple codewords are scheduled for a PDSCH or PUSCH
transmission, both codewords share the same resource blocks. Therefore, the Npgg
parameter for a first codeword is the same as the Nprp parameter for a second
codeword. An Iycs for the multiple codewords may be determined from a DCI format.
The Iycs of the first codeword (Iycs cwo) may or may not equal the Iycs of the second

codeword (Iycs cwi). In one implementation, if Iycscwoand Iyvescwi are not equal, then
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the eNB 160 may always use one of IycscwoOr Iyicscw to determine 202 the DMRS
configuration 107. In another implementation, if Iycgscwoand Iycs cwi are not equal, then
the eNB 160 may use the minimum value of Iycs cwoand Iyces cw: (€.g., min(Iyes cwo, 1
mescwi))- In yet another implementation, if Iycs cwo and Iyces cwr are not equal, then the
eNB 160 may use the maximum value of Iycscwoand Iycscwi (€.2., max(Iyces.cwo, 1
MCS,CWI))'

The eNB may determine 204 DCI. A PDCCH or enhanced physical downlink control
channel (EPDCCH) may carry a DCI. Different DCI may carry different information.
For example, one type of DCI may be used to inform UEs 102 about downlink
resource allocation and another type of DCI may be used to inform a specific UE 102
about uplink resource allocation, etc. Therefore, depending on the functionality of the
DCI, different DCI with different functionality may have different lengths. Different
DCI may be distinguished by the way the DCI is formatted and coded, which may be
referred to as a DCI format.

The DCI may vary depending on whether a transmission is a downlink transmission
or an uplink transmission. For example, for a downlink transmission, the DCI may be a
DL assignment DCI, which may indicate, among other things, the resources and con-
figurations used for transmission of data in the PDSCH. The DL assignment DCI may
also be referred to as a DL resource assignment, a DL. assignment, and/or a DL grant.
The DL assignment DCI may include the Iycs of the PDSCH.

For an uplink transmission, the DCI may be a UL assignment DCI, which may
indicate, among other things, the resources and configurations used for transmission of
data in the PUSCH. The UL assignment DCI may include the Iy,cs of the PUSCH. The
UL assignment DCI may also be referred to as a UL resource assignment, a UL as-
signment, and/or a UL grant. Among other things, the UL assignment DCI may
indicate the MCS that should be used by the UE 102, as well as the resources
(including the resource elements or resource blocks) that should be used for UL
transmission of data on the PUSCH.

The DCI may also include signaling that indicates the DMRS configuration 107. In
one implementation, the signaling may include one of the Iycs or the N or both for a
transmission. In another implementation, the signaling may include the Ipyps.

In one alternative implementation, the DCI may include an Iy field to signal the
DMRS configuration 107 to the UE 102. In the case of a DL transmission, the Ipygs
field in the DL assignment DCI may be set to the value corresponding to the value of 1
pmrs. Therefore, the UE 102 may determine the DMRS configuration 107 based on the
Ipumrs included in the DL assignment DCI.

In the case of a UL transmission, the eNB 160 may schedule a PUSCH transmission
from the UE 102 to the eNB 160. The eNB 160 may determine the Ipyrs as described
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above. The Ipyrsfield in the UL assignment DCI may be set to the value corresponding
to the value of Ipygs. Therefore, the UE 102 may determine the DMRS configuration
107 based on the Ipygs included in the UL assignment DCI.

In a second alternative implementation, the DCI may include Iycs and Npgg to im-
plicitly signal the DMRS configuration 107 to the UE 102. For example, the DCI may
include an MCS field and a resource allocation field. The value of the MCS field may
be set to the value of Iycs. The value of the resource allocation field may be set to the
value of Npgg. In the case of a DL transmission, the DCI may be DL assignment DCI.
In the case of a UL transmission, the DCI may be UL assignment DCI. Therefore, in
this implementation, the UE 102 may determine the DMRS configuration 107 based on
the Iycs and Npgg included in the DCI.

The eNB 160 may send 206 the DCI. In the case of a DL transmission, the eNB 160
may send 206 a DL assignment DCI. The eNB 160 may send 206 the DL assignment
DCI in association with a PDSCH transmission. In the case of a UL transmission, the
eNB 160 may send 206 a UL assignment DCI. The DCI (e.g., DL assignment DCI and
UL assignment DCI) may be sent on the PDCCH or ePDCCH.

It should be noted that in the case of a UL transmission, the eNB 160 may receive a
PUSCH transmission from the UE 102. The eNB 160 may use the DMRS con-
figuration 107 that was determined 202 when the PUSCH transmission was scheduled
by the eNB 160. For example, the eNB 160 may estimate the channel (e.g., the
PUSCH) and decode the PUSCH transmission data based on the DMRS configuration
107.

The above method 200 may also be applicable to single-codeword and multiple-
codeword transmission of single user multiple-input multiple-output (SU-MIMO) as
well as single codeword and multiple codeword transmission of multi user multiple-
input multiple-output (MU-MIMO). For MU-MIMO, multiple PDSCH transmissions
may be targeted to multiple UEs 102, which are scheduled on the same resource block.
In one implementation of dynamic DMRS selection in the context of SU-MIMO and
MU-MIMO, the DCI (for a UL grant as well as a DL grant) may include a field (of
length 1 bit or more) that indicates Iyvrs. The eNB 160 may set the Iy field in the
DCI and send 206 the DCI to the one or more UEs 102. For UL transmission, upon
receiving a PUSCH transmission, the eNB 160 may use the value of the Ipygs to
estimate the channel and decode the PUSCH transmission data.

Figure 3 is a flow diagram illustrating one implementation of a method 300 for de-
termining a DMRS by a UE 102. The UE 102 may be configured (by an eNB 160, for
instance) with multiple DMRS configurations 130. Each DMRS configuration 130 is
different from another DMRS configuration 130 in at least one or both of the following

parameters: DMRS pattern and the modulation order of the DMRS sequence symbols.
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The DMRS configurations 130 of the UE 102 may correspond to a DMRS con-
figuration 107 determined by an eNB 160. In Release-11 of 3GPP, the DMRS
sequence symbols may be pseudo-randomly selected from QPSK modulation symbols.
Therefore, the DMRS sequence may consist of QPSK symbols. It is also possible to
generate the DMRS sequence symbols from a different modulation scheme (e.g., 8PSK
or 64-QAM). It should be noted that the DMRS configurations 130 may be static or
semi-static.

The UE 102 may receive 302 DCI. For example, the UE 102 may receive 302 the
DCI from the eNB 160. In the case of a DL transmission, the DCI may be a DL as-
signment DCI and may be received with a PDSCH transmission. In the case of a UL
transmission, the DCI may be a UL assignment DCI. The DCI may be received 302 on
the PDCCH or ePDCCH.

The UE 102 may obtain 304 signaling from the DCI that indicates a DMRS con-
figuration 130. The DMRS configuration 130 may be based on an MCS. For example,
the DMRS configuration 130 may correspond to a DMRS configuration 107 de-
termined by the eNB 160, as described above in connection with Figure 2. In one im-
plementation, the signaling may include one of an Iycs or an Npgg or both. In another
implementation, the signaling may include an Ipygs.

In one alternative implementation, the DCI may include an Ipyugrs field, which may
include the Ippgs. In a second alternative implementation, the DCI may include an
MCS field and a resource allocation field, which may indicate the Iycs and Npgg.

The UE 102 may obtain 304 the Iics by reading the MCS field in the DCI. The UE
102 may also obtain 304 the Npgg from the resource allocation field. In one imple-
mentation, the UE 102 may obtain 304 the Npyg by first determining a resource al-
location type by reading a resource allocation field in the DCI. If the resource al-
location field does not exist, then the UE 102 may use a default resource allocation
type. Upon determining the resource allocation type, the UE 102 may determine the N
pre Dy reading the resource assignment field in the DCI based on the resource al-
location type.

It should be noted that the UE 102 may also obtain 304 the TBS based on the Iycs
and Npgp This may be accomplished as described above in connection with Figure 2.
For example, the TBS may be obtained 304 using a lookup table as illustrated in Table
(1), Table (2) and Table (3) above.

The UE 102 may determine 306 the DMRS configuration 130 based on the signaling.
This may be accomplished as described above in connection with Figure 2. For
example, in one implementation, the UE 102 may determine 306 the DMRS con-
figuration 130 directly from the Ipugs as illustrated in Table (6) above. In another im-
plementation, the UE 102 may determine 306 the DMRS configuration 130 based on I
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mcs and Npgg as illustrated in Table (4) above. In yet another implementation, the UE
102 may first determine Ipyvrs based on Iycs and Npgg as illustrated in Table (5) above,
and then the UE 102 may determine 306 the DMRS configuration 130 from Ipygs as il-
lustrated in Table (6).

In the case of a multiple-codeword transmission, the Iy,cs for the multiple codewords
may be determined as described above in connection with Figure 2. For example, if 1
mcs.cwo and Iyes cwp are not equal, then the UE 102 may always use one of Iycscwoor |
mcs.cwi to determine 306 the DMRS configuration 130. In another implementation, if |
mcs.owo and Iyes cwp are not equal, then the UE 102 may use the minimum value of |
mcs.owo and Iyes cwr (€.g., min(Iyes.cwo > Ives,cwi)). In yet another implementation, if |
mcs.cwo and Iyes cwy are not equal, then the UE 102 may use the maximum value of |
mes.owo @nd Iyes ews (€.g., max(Tves cwo s Iues.cwn)-

The UE 102 may use the DMRS configuration 130 for DL transmissions and UL
transmissions. For a DL transmission, the UE 102 may use the DMRS configuration
130 to estimate the channel, demodulate the symbols received on the PDSCH and
decode the one or more codewords received in the PDSCH transmission. For a UL
transmission, the UE 102 may use the DMRS configuration 130 to modulate and
encode a PUSCH transmission that may be sent to the eNB 160.

In the case of SU-MIMO or MU-MIMO, for a DL transmission, the UE 102 may
also use the DMRS configuration 130 to estimate the channel, demodulate the symbols
received on the PDSCH and decode the one or more codewords received in the
PDSCH transmission. For a SU-MIMO or MU-MIMO UL transmission, the UE 102
may use the DMRS configuration 130 to modulate and encode a PUSCH transmission
that may be sent to the eNB 160.

Figure 4 is a block diagram illustrating examples of DMRS patterns 423a-c. A
DMRS pattern 423 may be defined as the resource elements occupied by the DMRS
symbols. For example, the shaded resource elements in Figure 4 may be occupied by
DMRS symbols. A DMRS pattern 423 may also be referred to as a DMRS resource
element pattern. The DMRS pattern 423 may indicate the number of symbols allocated
for transmission of a codeword (in rate matching) associated with a PDSCH
transmission. Additionally or alternatively, the DMRS pattern 423 may indicate the
location of punctured symbols. An eNB 160 or UE 102 may select DMRS config-
urations 107, 130 that may use different DMRS patterns 423 as described above.

A number of resource elements may constitute a resource block. A resource block
may be defined by the resource elements in 'K' consecutive subcarriers in the
frequency domain and 'L’ consecutive OFDM/SC-FDMA symbols. A resource grid is
defined by 'K' consecutive subcarriers and 'L' OFDM/SC-FDMA symbols. A number

of resource elements (and a number of resource blocks, for example) may constitute a



26

WO 2014/155899 PCT/JP2014/000062

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

slot. A slot may be defined according to an amount of time. For instance, a slot may
occupy 0.5 milliseconds (ms). Two slots may constitute a subframe. A number of
subframes (e.g., 10) may constitute one radio frame. Each DMRS pattern 423 may
include even-numbered slots 425a-c and odd-numbered slots 427a-c.

The DMRS patterns 423a-c illustrated in Figure 4 are examples of DL channel
generation according to Release-11. Specifically, the DMRS patterns 423a-c illustrate
the resource elements used for UE-specific reference signals for normal cyclic prefix
for antenna ports 7 and 8. DMRS pattern-A 423a may be used for special subframe
configuration 1, 2, 6 or 7. DMRS pattern-B 423b may be used for special subframe
configuration 3, 4, 8 or 9. DMRS pattern-C 423c may be used for all other downlink
subframes.

Figure 5 is a block diagram illustrating additional examples of DMRS patterns
523a-c. The DMRS patterns 523a-c indicate the resource elements occupied by the
DMRS symbols. For example, the shaded resource elements in Figure 5 may be
occupied by DMRS symbols. Each DMRS pattern 523 may include even-numbered
slots 525a-c and odd-numbered slots 527a-c.

The DMRS patterns 523a-c illustrated in Figure 5 are examples of DL channel
generation according to Release-11. Specifically, the DMRS patterns 523a-c illustrate
the resource elements used for UE-specific reference signals for normal cyclic-prefix
for antenna ports 9 and 10. DMRS pattern-A 523a may be used for special subframe
configuration 1, 2, 6 or 7. DMRS pattern-B 523b may be used for special subframe
configuration 3, 4, 8 or 9. DMRS pattern-C 523c may be used for all other downlink
subframes.

Figure 6 is a block diagram illustrating further examples of DMRS patterns 623a-d.
The DMRS patterns 623a-d indicate the resource elements occupied by the DMRS
symbols. For example, the shaded resource elements in Figure 6 may be occupied by
DMRS symbols. A first DMRS pattern 623a is an example of a DMRS pattern for a
PUSCH transmission according to Release-11. A second DMRS pattern 623b is an
example of a DMRS pattern that may be used for PUSCH transmission not defined in
Release-11.

A third DMRS pattern 623c is an example of a DMRS pattern on antenna port 7 for a
frequency division duplex (FDD) system and a normal cyclic-prefix according to
Release-11 specifications. A fourth DMRS pattern 623d is another example of a
DMRS pattern on antenna port 7 for an FDD system and a normal cyclic-prefix.

Figure 7 is a block diagram illustrating one implementation of an eNB 760 in which
systems and methods for DMRS selection may be implemented. The eNB 760
described in connection with Figure 7 may be implemented in accordance with the

eNB 160 described in connection with Figure 1. Figure 7 shows one example of a
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processing structure for each transport block 739 for the downlink-synchronization
channel (DL-SCH), paging channel (PCH) and multicast channel (MCH). In some im-
plementations, the processing steps illustrated in Figure 7 may be performed by an
encoder 109, which may also be referred to as a coding unit.

Data may arrive at the coding unit in the form of a maximum of two transport blocks
739 every transmission time interval (TTI) per DL cell. For example, the eNB 760 may
include an eNB operations module 182 (not shown), which may include an eNB
DMRS configuration determination module 196, one or more DMRS configurations
107 and a DCI determination module 198. The eNB DMRS configuration deter-
mination module 196 may determine a DMRS configuration 107 as described above in
connection with Figure 2. The DCI determination module 198 may determine a DCI
based on the DMRS configuration 107 as described above in connection with Figure 2.
The eNB operations module 182 may provide data (e.g., the DCI) to the coding unit to
be processed for transmission.

The eNB 160 may perform a series of coding steps for each transport block 739 of a
DL cell. A transport block CRC attachment module 729 may add CRC information to
the transport block. A code block segmentation and code block CRC attachment
module 731 may perform code block segmentation and add CRC information to the
one or more code blocks. A channel coding module 733 may perform channel coding
for the transport block. A rate matching module 735 may perform rate matching for the
transport block. A code block concatenation module 737 may perform code block con-
catenation for the transport block.

The eNB 760 may produce one or more codewords 741 based on the one or more
transport blocks 739. The codeword 741 is the output (e.g., coded bits) from the coding
unit for a transport block 739. The eNB 760 may produce one or two codewords 741
for every TTI corresponding to the one or two transport blocks 739 of a DL cell.

Figure 8 is a block diagram illustrating another implementation of an eNB 860 in
which systems and methods for DMRS selection may be implemented. The eNB 860
described in connection with Figure 8 may be implemented in accordance with the
eNB 160 described in connection with Figure 1. The eNB 860 may include one or
more scrambling modules 843, one or more interleavers 8§45, one or more modulation
mappers 847, a layer mapper 849, a pre-coding module 851, one or more resource
element mappers 853, one or more orthogonal frequency-division multiplexing
(OFDM) signal generation modules 857 and one or more antennas 880.

The eNB 860 may generate a baseband signal representing a DL physical channel.
Codewords 841 may be optionally provided to the one or more scrambling modules
843. The codewords 841 may be generated as described above in connection with

Figure 7. For example, the codewords 841 may be processed (e.g., coded) data that



28

WO 2014/155899 PCT/JP2014/000062

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

may include a DCI, which includes signaling to indicate a DMRS configuration 107 to
a UE 102. The DCI and DMRS configuration 107 may be determined as described
above in connection with Figure 2.

The codewords 841 may (optionally) be provided to the scrambling modules 843.
For example, the one or more scrambling modules 843 may scramble the codewords
841 with a scrambling sequence that is specific to a particular cell.

The (optionally scrambled) codewords 841 may be optionally provided to one or
more interleavers 845. The one or more interleavers 845 may optionally shuffle the
codewords 841. It should be noted that the one or more interleavers 845 may be placed
in a different order in the signal path than is illustrated in Figure 8.

The (optionally interleaved and/or scrambled) codewords 841 may be provided to
one or more modulation mappers 847. The one or more modulation mappers 847 may
map the codewords 841 to constellation points based on a particular modulation
scheme (e.g., QAM, 64-QAM, Binary Phase Shift Keying (BPSK), QPSK, etc.). The
modulation mappers 847 may generate complex-valued modulation symbols.

The (modulated) codewords 841 (e.g., complex-valued modulation symbols) may be
optionally provided to a layer mapper 849. The layer mapper 849 may optionally map
the codewords 841 to one or more layers (for transmission on one or more spatial
streams, for example).

The (optionally layer-mapped) codewords 841 may be optionally provided to the pre-
coding module 851. The pre-coding module 851 may optionally pre-code the
codewords 841 (e.g., complex-valued modulation symbols) on each layer for
transmission on the antenna 880 ports.

The (optionally pre-coded) codewords 841 may be provided to one or more resource
element mappers 853. A resource element mapper 853 may map the codewords 841 to
one or more resource elements. As described above, a resource element may be an
amount of time and frequency resources on which information may be carried (e.g.,
sent and/or received). For example, one resource element may be defined as a
particular subcarrier in an OFDM symbol for a particular amount of time.

In some configurations, each resource element may carry one modulated symbol. Ac-
cordingly, the number of bits carried in a resource element may vary. For example,
each BPSK symbol carries one bit of information. Thus, each resource element that
carries a BPSK symbol carries one bit. Each QPSK symbol carries two bits of in-
formation. Thus, a resource element that carries a QPSK symbol carries two bits of in-
formation. Similarly, a resource element carrying a 16-QAM symbol carries four bits
of information and a resource element carrying a 64-QAM symbol carries six bits of
information.

The (resource-mapped) codewords 841 may be provided to one or more OFDM
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signal generators 857. The one or more OFDM signal generators 857 may generate
OFDM signals based on the (resource-mapped) codewords 841 for transmission. The
OFDM signals generated by the one or more OFDM signal generators 857 may be
provided to the one or more antennas 880 (e.g., antenna ports) for transmission to the
one or more UEs 102.

More generally, the codewords 841 generated by the eNB 860 may be scrambled
and/or interleaved. After optional scrambling and/or interleaving, the codewords 841
may be mapped into modulation symbols. Each symbol may then be loaded into a
resource element.

It should be noted that UE-specific reference signals associated with PDSCH (e.g., a
DMRS) may be transmitted on antenna 880 ports 5, 7, and/or 8. Additionally or alter-
natively, the UE-specific reference signals associated with PDSCH (e.g., DMRS) may
be transmitted on an antenna 880 port

p=78...0+6

, where 'p' is the antenna 880 port and

v

is the number of layers used for transmission of the PDSCH.

Figure 9 is a flow diagram illustrating legacy DMRS selection 967a and dynamic
DMRS selection 967b in accordance with the disclosed systems and methods. The
legacy DMRS selection 967a example illustrates DMRS generation by an eNB 160
operating according to Release-11.

The eNB 160 may determine 902a the DL-CSI. In one implementation, the eNB 160
may transmit a reference signal to a UE 102 to enable the UE 102 to measure the DL-
CSI. For example, the reference signal may be a channel state information reference
signal (CSI-RS). The UE 102 may receive the transmitted CSI-RS and measure the
DL-CSI. The measured DL-CSI may be sent back to the eNB 160 via feedback and as
part of the uplilnk control information (UCI).

In another example, in which the eNB 160 and UE 102 may communicate using a
time division duplex (TDD), the eNB 160 and UE 102 share the same spectrum for
transmission. In this case, the DL-CSI may be measured directly at the eNB 160. For
example, the UE 102 may transmit a reference signal (e.g., a sounding reference signal
(SRYS)) that is received by the eNB 160. The eNB 160 may measure the DL-CSI from
the received SRS.

The eNB 160 may determine 904a the MCS, Npgz and TBS for a transmission. This
may be accomplished as described above in connection with Figure 2. The
transmission may be either a DL transmission (e.g., PDSCH) or a UL transmission
(e.g., PUSCH).

The eNB 160 may determine 906a a DMRS configuration 107. The DMRS con-
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figuration 107 may include one or more of the DMRS pattern, a DMRS sequence, a
pseudo random number generator algorithm, and scrambling sequence. It should be
noted that in the legacy DMRS selection 967a, the DMRS configuration 107 deter-
mination 906a is not based on the MCS or the Npgg.

Upon determining 904a the MCS, Npg and TBS, the eNB 160 may generate 908a a
DCI and a PDCCH based on the MCS, Nz and TBS. For example, a DCI (e.g., DL
assignment DCI or UL assignment DCI) may be carried on a PDCCH (or ePDCCH)
transmission. The eNB 160 may encode and modulate the PDCCH transmission (and
DCI) according to the MCS, Npgg and TBS and send the PDCCH transmission to the
UE 102.

Furthermore, upon determining 904a the MCS, Npgg and TBS and upon determining
906a the DMRS configuration 107, the eNB 160 may generate 910a a PDSCH
transmission based on the MCS, Npzg, TBS and DMRS configuration 107. For
example, the eNB 160 may encode and modulate the PDSCH transmission according
to the MCS, Nprg, TBS and DMRS configuration 107.

Additionally, upon determining 904a the MCS, Npgs and TBS and upon determining
906a the DMRS configuration 107, the eNB 160 may generate 912a the DMRS based
on the MCS, Npgg, TBS and DMRS configuration 107. For example, the eNB 160 may
encode and modulate the DMRS according to the MCS, Npgg, TBS and DMRS con-
figuration 107.

The dynamic DMRS selection 967b example illustrates DMRS generation by an eNB
160 according to the systems and methods described herein. In dynamic DMRS
selection 967b, the eNB 160 may generate determine a DMRS configuration 107 based
on an MCS and map the DMRS configuration to the physical resource elements. The
dynamic DMRS selection 967b example shows the dependency between the DMRS
and the MCS according to the systems and methods described herein.

The eNB 160 may determine 902b the DL-CSI. This may be accomplished as
described above.

The eNB 160 may determine 904b the MCS, Npgg and TBS for a transmission. This
may be accomplished as described above in connection with Figure 2. The
transmission may be either a DL transmission (e.g., PDSCH) or a UL transmission
(e.g., PUSCH).

The eNB 160 may determine 906b a DMRS configuration 107. For example, the
eNB 160 may determine 906b the DMRS configuration 107 based on the MCS. The
eNB 160 may also determine 906b the DMRS configuration based on the Npgp or a
combination of the MCS and the Npgs. In one implementation, the eNB 160 may first
determine an Ipygs based on the MCS and Npgg as illustrated in Table (5) above. The
eNB 160 may then determine the DMRS configuration 107 based on the Ipygrs as il-
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lustrated in Table (6) above. In another implementation, the eNB 160 determine the
DMRS configuration 107 directly from the MCS and Npgg as illustrated in Table (4)
above. It should be noted that in dynamic DMRS selection 967b, the DMRS con-
figuration 107 is mapped to (e.g., associated with) the MCS and/or the Npgg.

Upon determining 904b the MCS, Npgz and TBS and upon determining 906b the
DMRS configuration 107, the eNB 160 may generate 908b a DCI and a PDCCH based
on the MCS, Npg, TBS and DMRS configuration 107. In one implementation, the DCI
may include an Ipygs to explicitly indicate the DMRS configuration 107 to the UE 102.
In another implementation, the DMRS configuration 107 may be implicitly indicated
to the UE 102 via an Iycs and Npgg included in the DCI. The DCI (e.g., DL assignment
DCI or UL assignment DCI) may be carried on a PDCCH (or ePDCCH) transmission.
The eNB 160 may encode and modulate the PDCCH transmission (and DCI) according
to the MCS, Nygs and TBS and send the PDCCH transmission to the UE 102.

Furthermore, upon determining 904b the MCS, Npgs and TBS and upon determining
906b the DMRS configuration 107, the eNB 160 may generate 910b a PDSCH
transmission based on the MCS, Npgg, TBS and DMRS configuration 107. For
example, the eNB 160 may encode and modulate the PDSCH transmission according
to the MCS, Nprg, TBS and DMRS configuration 107. It should be noted that in
dynamic DMRS selection 967b, the DMRS configuration 107 is based on the MCS and
the Npgg.

Additionally, upon determining 904b the MCS, Npgg and TBS and upon determining
906b the DMRS configuration 107, the eNB 160 may generate 912b the DMRS based
on the MCS, Npg, TBS and DMRS configuration 107. For example, the eNB 160 may
encode and modulate the DMRS according to the MCS, Npgg, TBS and DMRS con-
figuration 107. It should be noted that one or more of the functions or procedures
described in connection with Figure 9 may additionally or alternatively be im-
plemented as one or more modules included in the eNB 160 in some implementations.
For example, the eNB 160 may include one or more of circuitry for determining 902b
DL-CSI, circuitry for determining 904b a MCS, resource block and TBS, circuitry for
determining 906b a DMRS configuration, circuitry for generating 908b DCI and a
PDCCH, circuitry for generating 910b a PDSCH and circuitry for generating 912b a
DMRS.

Figure 10 is a flow diagram illustrating implementations of methods 1000a, 1000b
for determining a DMRS configuration 107 by an eNB 160. In one method 1000a, the
eNB 160 may determine the DMRS configuration 107 based on an Ipygs. For example,
the eNB 160 may determine 1002a an Iycs and an Npgg. This may be accomplished as
described above in connection with Figure 2. For example, the Iycs may be based on a
DL-CSI received from a UE 102. The eNB 160 may additionally or alternatively
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determine the Iycs based on one or more other factors, which may include DL frame
error rate and quality of service (QoS). The Npzpg may correspond to the number of
resource blocks allocated for a transmission (e.g., DL transmission or UL transmission)
to the UE 102.

The eNB 160 may determine 1004a the Ipygrs. In some implementations, the Ipygs
may be determined using the Iy,cs and Npgg as entries in a lookup table as described
above in connection with Figure 2. The Iycs and Npgg may indicate rows and columns
of a lookup table in which the entry of the table is Ipygs. For example, Ipyrs may be
mapped to Iycs and Npgg as illustrated in Table (5) above.

The eNB 160 may determine 1006a the DMRS configuration 107. For example, upon
determining 1004a the Ipyrs, the eNB 160 may determine 1006a the DMRS con-
figuration 107 as illustrated in Table (6) above.

In another method 1000b, the eNB 160 may determine the DMRS configuration 107
based on Iycs and Npgg without the use of Ipyrs. For example, the eNB 160 may
determine 1002b Iycs and Npgs. This may be accomplished as described above.

The eNB 160 may determine 1004b the DMRS configuration 107. In one imple-
mentation, the DMRS configuration 107 may be determined 1004b using Iyics and Npgp
as entries in a lookup table as described above in connection with Figure 2. Iycs and N
prs May indicate rows and columns of a lookup table in which the entry of the table is
the DMRS configuration 107. For example, the DMRS configuration 107 may be
mapped to Iycs and Npgg as illustrated in Table (4) above.

Figure 11 is a flow diagram illustrating implementations of methods 1100a, 1100b
for determining a DMRS configuration 130 by a UE 102. In one method 1100a, the UE
102 may determine the DMRS configuration 130 based on an Ipyrs. For example, the
UE 102 may receive 1102a DCI. The UE 102 may receive 1102a the DCI from an eNB
160. In the case of a DL transmission, the DCI may be a DL assignment DCI and may
be received with a PDSCH transmission. In the case of a UL transmission, the DCI
may be a UL assignment DCI.

The UE 102 may determine 1104a an Iy,cs and an Npgg. This may be accomplished as
described above in connection with Figure 3. For example, the UE 102 may determine
1104a the Iyics by reading the MCS field in the DCI. The UE 102 may also determine
1104a the Npgg from the resource allocation field in the DCI.

The UE 102 may determine 1106a the Ipyrs. In one implementation, the Ipyrs may be
determined using Iycs and Npgg as entries in a lookup table as described above in
connection with Figure 2. Iycs and Npgg may indicate rows and columns of a lookup
table in which the entry of the table is Ipyrs. For example, Ipyrs may be mapped to Iyces
and Npgg as illustrated in Table (5) above.

In another implementation, the DCI may include an Ipygs field, which may include
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the Ipyrs. Therefore, in this implementation, the UE 102 may determine 1106a the I
pumrs directly from the DCI.

The UE 102 may determine 1108a the DMRS configuration 130. For example, upon
determining 1106a the Ipyrs, the UE 102 may determine 1108a the DMRS con-
figuration 130 as illustrated in Table (6) above.

In another method 1100b, the UE 102 may determine the DMRS configuration 130
based on Iycs and Npgg without the use of Iygs. For example, the UE 102 may receive
1102b DCI. This may be accomplished as described above.

The UE 102 may determine 1104b the Iycs and Npgg. This may be accomplished as
described above.

The UE 102 may determine 1106b the DMRS configuration 130. In one imple-
mentation, the DMRS configuration 130 may be determined 1106b using Iyics and Npgg
as entries in a lookup table. I;cs and Nprg may indicate rows and columns of a lookup
table in which the entry of the table is the DMRS configuration 130. For example, the
DMRS configuration 130 may be mapped to Iycs and Npgp as illustrated in Table (4)
above.

Figure 12 illustrates various components that may be utilized in an eNB 1260. The
eNB 1260 described in connection with Figure 12 may be implemented in accordance
with the eNB 160 described in connection with Figure 1. The eNB 1260 includes a
processor 1281 that controls operation of the eNB 1260. The processor 1281 may also
be referred to as a central processing unit (CPU). Memory 1287, which may include
read-only memory (ROM), random access memory (RAM), a combination of the two
or any type of device that may store information, provides instructions 1283a and data
1285a to the processor 1281. A portion of the memory 1287 may also include non-
volatile random access memory (NVRAM). Instructions 1283b and data 1285b may
also reside in the processor 1281. Instructions 1283b and/or data 1285b loaded into the
processor 1281 may also include instructions 1283a and/or data 1285a from memory
1287 that were loaded for execution or processing by the processor 1281. The in-
structions 1283b may be executed by the processor 1281 to implement one or more of
the methods 200 described above.

The eNB 1260 may also include a housing that contains one or more transmitters
1217 and one or more receivers 1278 to allow transmission and reception of data. The
transmitter(s) 1217 and receiver(s) 1278 may be combined into one or more
transceivers 1276. One or more antennas 1280a-n are attached to the housing and elec-
trically coupled to the transceiver 1276.

The various components of the eNB 1260 are coupled together by a bus system 1289,
which may include a power bus, a control signal bus and a status signal bus, in addition

to a data bus. However, for the sake of clarity, the various buses are illustrated in
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Figure 12 as the bus system 1289. The eNB 1260 may also include a digital signal
processor (DSP) 1291 for use in processing signals. The eNB 1260 may also include a
communications interface 1293 that provides user access to the functions of the eNB
1260. The eNB 1260 illustrated in Figure 12 is a functional block diagram rather than a
listing of specific components.

Figure 13 illustrates various components that may be utilized in a UE 1302. The UE
1302 described in connection with Figure 13 may be implemented in accordance with
the UE 102 described in connection with Figure 1. The UE 1302 includes a processor
1381 that controls operation of the UE 1302. The processor 1381 may also be referred
to as a central processing unit (CPU). Memory 1387, which may include read-only
memory (ROM), random access memory (RAM), a combination of the two or any type
of device that may store information, provides instructions 1383a and data 1385a to the
processor 1381. A portion of the memory 1387 may also include non-volatile random
access memory (NVRAM). Instructions 1383b and data 1385b may also reside in the
processor 1381. Instructions 1383b and/or data 1385b loaded into the processor 1381
may also include instructions 1383a and/or data 1385a from memory 1387 that were
loaded for execution or processing by the processor 1381. The instructions 1383b may
be executed by the processor 1381 to implement one or more of the methods 300
described above.

The UE 1302 may also include a housing that contains one or more transmitters 1358
and one or more receivers 1320 to allow transmission and reception of data. The
transmitter(s) 1358 and receiver(s) 1320 may be combined into one or more
transceivers 1318. One or more antennas 1322a-n are attached to the housing and elec-
trically coupled to the transceiver 1318.

The various components of the UE 1302 are coupled together by a bus system 1389,
which may include a power bus, a control signal bus and a status signal bus, in addition
to a data bus. However, for the sake of clarity, the various buses are illustrated in
Figure 13 as the bus system 1389. The UE 1302 may also include a digital signal
processor (DSP) 1391 for use in processing signals. The UE 1302 may also include a
communications interface 1393 that provides user access to the functions of the UE
1302. The UE 1302 illustrated in Figure 13 is a functional block diagram rather than a
listing of specific components.

Figure 14 is a block diagram illustrating one configuration of an eNB 1460 in which
systems and methods for DMRS selection may be implemented. The eNB 1460
includes transmit means 1417, receive means 1478 and control means 1482. The
transmit means 1417, receive means 1478 and control means 1482 may be configured
to perform one or more of the functions described in connection with Figure 2, Figure

7, Figure 8, Figure 9, Figure 10 and Figure 12 above. Figure 12 above illustrates one
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[0177]

[0178]

[0179]

[0180]

[0181]

example of a concrete apparatus structure of Figure 14. Other various structures may
be implemented to realize one or more of the functions of Figure 2, Figure 7, Figure 8§,
Figure 9, Figure 10 and Figure 12. For example, a DSP may be realized by software.

Figure 15 is a block diagram illustrating one configuration of a UE 1502 in which
systems and methods for DMRS selection may be implemented. The UE 1502 includes
transmit means 1558, receive means 1520 and control means 1524. The transmit means
1558, receive means 1520 and control means 1524 may be configured to perform one
or more of the functions described in connection with Figure 3, Figure 11 and Figure
13 above. Figure 13 above illustrates one example of a concrete apparatus structure of
Figure 15. Other various structures may be implemented to realize one or more of the
functions of Figure 3, Figure 11 and Figure 13. For example, a DSP may be realized by
software.

The term "computer-readable medium" refers to any available medium that can be
accessed by a computer or a processor. The term "computer-readable medium," as used
herein, may denote a computer- and/or processor-readable medium that is non-
transitory and tangible. By way of example, and not limitation, a computer-readable or
processor-readable medium may comprise RAM, ROM, Electrically Erasable Pro-
grammable Read-Only Memory (EEPROM), Compact Disc Read-Only Memory
(CD-ROM) or other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by
a computer or processor. Disk and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray
(Registered trademark) disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers.

It should be noted that one or more of the methods described herein may be im-
plemented in and/or performed using hardware. For example, one or more of the
methods described herein may be implemented in and/or realized using a chipset, an
application-specific integrated circuit (ASIC), a large-scale integrated circuit (LSI) or
integrated circuit, etc.

Each of the methods disclosed herein comprises one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another and/or combined into a single step without departing from the scope
of the claims. In other words, unless a specific order of steps or actions is required for
proper operation of the method that is being described, the order and/or use of specific
steps and/or actions may be modified without departing from the scope of the claims.

It is to be understood that the claims are not limited to the precise configuration and

components illustrated above. Various modifications, changes and variations may be
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made in the arrangement, operation and details of the systems, methods, and apparatus

described herein without departing from the scope of the claims.
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Claims
An evolved Node B (eNB) for demodulation reference signal (DMRS)

selection, comprising:

a processor;

memory in electronic communication with the processor, wherein in-
structions stored in the memory are executable to:

determine a DMRS configuration based on a modulation and coding
scheme (MCS);

determine downlink control information (DCI), wherein the DCI
comprises signaling that indicates the DMRS configuration; and

send the DCI.

The eNB of claim 1, wherein the DMRS configuration is determined
from among multiple DMRS configurations that differ in at least one or
both of a DMRS pattern and a DMRS sequence symbol modulation
order.

The eNB of claim 1, wherein determining the DMRS configuration
comprises determining a DMRS configuration index based on the
MCS, wherein the DMRS configuration is determined based on the
DMRS configuration index.

The eNB of claim 1, wherein determining the DMRS configuration
comprises determining an MCS index and a number of physical
resource blocks (Npgg), wherein the DMRS configuration is determined
based on the MCS index and the Npgg.

The eNB of claim 4, wherein the MCS index is based on a single
codeword associated with a single codeword transmission.

The eNB of claim 4, wherein the MCS index is based on at least one of
a first codeword and a second codeword associated with a multiple
codeword transmission.

The eNB of claim 1, wherein the signaling comprises at least one of a
DMRS configuration index, an MCS index and a number of physical
resource blocks (Npgg).

The eNB of claim 1, wherein the DCI is a downlink (DL) assignment
DCI corresponding to a physical downlink shared channel (PDSCH)
transmission.

The eNB of claim 1, wherein the DCI is an uplink (UL) assignment
DCI corresponding to a physical uplink shared channel (PUSCH)

transmission.
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[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]
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The eNB of claim 9, further comprising instructions executable to:
schedule a PUSCH transmission;

receive a PUSCH transmission;

estimate a channel based on the DMRS configuration; and

decode the PUSCH transmission based on the DMRS configuration.

A user equipment (UE) for demodulation reference signal (DMRS)
selection, comprising:

a processor;

memory in electronic communication with the processor, wherein in-
structions stored in the memory are executable to:

receive downlink control information (DCI);

obtain signaling from the DCI that indicates a DMRS configuration,
wherein the DMRS configuration is based on a modulation and coding
scheme (MCS); and

determine the DMRS configuration based on the signaling.

The UE of claim 11, wherein the DMRS configuration is determined
from among multiple DMRS configurations that differ in at least one or
both of a DMRS pattern and a DMRS sequence symbol modulation
order.

The UE of claim 11, wherein determining the DMRS configuration
comprises determining a DMRS configuration index based on the DCI,
wherein the DMRS configuration is determined based on the DMRS
configuration index.

The UE of claim 11, wherein determining the DMRS configuration
comprises determining an MCS index and a number of physical
resource blocks (Npgg), wherein the DMRS configuration is determined
based on the MCS index and the Npgg.

The UE of claim 14, wherein the MCS index is based on a single
codeword associated with a single codeword transmission.

The UE of claim 14, wherein the MCS index is based on at least one of
a first codeword and a second codeword associated with a multiple
codeword transmission.

The UE of claim 11, wherein the signaling comprises at least one of a
DMRS configuration index, an MCS index and a number of physical
resource blocks (Npgg).

The UE of claim 11, wherein the DCI is a downlink (DL) assignment
DCI corresponding to a physical downlink shared channel (PDSCH)

transmission.
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[Claim 24]

[Claim 25]

[Claim 26]

[Claim 27]
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The UE of claim 11, wherein the DCI is an uplink (UL) assignment
DCI corresponding to a physical uplink shared channel (PUSCH)
transmission.

The UE of claim 19, further comprising instructions executable to:
encode a PUSCH transmission based on the DMRS configuration; and
send the PUSCH transmission.

A method for demodulation reference signal (DMRS) selection by an
evolved Node B (eNB), comprising:

determining a DMRS configuration based on a modulation and coding
scheme (MCS);

determining downlink control information (DCI), wherein the DCI
comprises signaling that indicates the DMRS configuration; and
sending the DCI.

The method of claim 21, wherein determining the DMRS configuration
comprises determining a DMRS configuration index based on the
MCS, wherein the DMRS configuration is determined based on the
DMRS configuration index.

The method of claim 21, wherein determining the DMRS configuration
comprises determining an MCS index and a number of physical
resource blocks (Npgg), wherein the DMRS configuration is determined
based on the MCS index and the Npgg.

The method of claim 21, wherein the signaling comprises at least one
of a DMRS configuration index, an MCS index and a number of
physical resource blocks (Npgg).

A method for demodulation reference signal (DMRS) selection by a
user equipment (UE), comprising:

receiving downlink control information (DCI);

obtaining signaling from the DCI that indicates a DMRS configuration,
wherein the DMRS configuration is based on a modulation and coding
scheme (MCS); and

determining the DMRS configuration based on the signaling.

The method of claim 25, wherein determining the DMRS configuration
comprises determining a DMRS configuration index based on the DCI,
wherein the DMRS configuration is determined based on the DMRS
configuration index.

The method of claim 25, wherein determining the DMRS configuration
comprises determining an MCS index and a number of physical

resource blocks (Npgg), wherein the DMRS configuration is determined
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based on the MCS index and the Npgg.
[Claim 28] The method of claim 25, wherein the signaling comprises at least one
of a DMRS configuration index, an MCS index and a number of

physical resource blocks (Npgg).



1/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 1]

FGL Jojeinpol |« 0G[ Iapooug |« 9F [ ejeq uolssjwsues |
_ ( ,
— ~9G| A il 25l A vl
i 8G1 _
| semwsues) |
A orl oclL 8¢ uoneuwisieg —
{ uoneinbiyuon uoneinbiuoc) . nmm @
SHING SHNA 3N IS Ioa
.. 8yl
L 4_|ml| FZ [ suonelado AN
| 75+ nl
e 4| O¢} 13NIS09Y X
RV. 1 9L +-8el e %Iy ol gou
ugzel 2L [ JanLosuel | » P[] Jojejnpowa(] ¢ »| S0L 18poaa( ¢ »p  POL Jayng eleq
eZcl 2ol an
., L2l (s)puueyd suldn~ |11, .. . = BL1 (S)leuueyD yulumoq
4/ i 1
13V TI] ioyenpo > 80T JepoouT | TOT eleq uoissiwsuel
£l INPoN i " 601 18poauy iy 0/ ejeq uoiss] L
.|I|I|||I||_|_
2T e 70L =T 967 UoneulwIse(
| ISHIWSUBI] 1=ay uoneinbyuon uoyeinbyuo
: i uoljeuiuLIala : ;
4 { SHNA pediiSisg Iod SYING aN®
. 06l —
_ ¢81 suoneladQ gNe
. i I1ane09
. | 84} 19NS98Y i 881y 05t 98y %(mﬁ  —
97 Jenoosuel | | ¢/} 10jenpowsQ P 99/ 19p0d2( ¢ »| <C91 194ng ejeq
ugsg _‘mow_‘ | 09[ dN®




2/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 2]

90¢ ~

(1DQ) UoljeWIOUI [OJJUOD YUIUMOP 8y} PUSS

i

02 ~~

(1DQ) uoneWIOUI [0JJU0D JUIUMOP aulwlala(

i

(SOIN) ewayos Buipoo pue uoneNpoW B Uo paseq uoneinbiuod SYNA e auluwlsla(g

4/8N



3/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 3]

90€ -~

Buijeubis ayy uo paseq uoneinBiuod SYNA Yl sulwiele(

i

P0€

uonenbiyuod SYINQ € salesipul jey} (]DQ) UOHELUIOMI [0U0D yuljumop ey woli Buleubis urelqo

i

¢0€

(1DQ) uonEeW.IOoUI [0JJUOD YUIJUMOP SAIS0RY

ﬂ/oom



4/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 4]

2,2 1015 9Gev 10IS
palsquinN-ppO

palagquinN-UuaAg

/
0
Aouanbaiy
v
aLzy qsey U] eszgy eGzZY
10IS 1018 ~ / 10IS 101S
POISQWINN-PPO  POISGUINN-USAT oz O-Ulelied SHING PelOqWINN-PPO  PRISqUINN-USAT
r A N A N r A INY# A N\
9 0 9 0 9 09 0
_
Aousnbaig
[
Y | R Y
,H awi| y ,A( swi |, Y,
Y '

qecy g-ulsiied SHING

BECY V-ulsied SdNG

Aousnbaig



PCT/JP2014/000062

515

WO 2014/155899

[Fig. 5]

9/25 10| 9G2S 101S
palagqunN-ppoO paJjaquInN-usAg
\‘ A N A N
9 09 0
Aouanbaly
q.zs ages - aw | B/CS BGCS
1018 101S \ p / 1018 1018
palaqunN-ppO palaquinN-usay 3¢S J-uisyed SHING palsqunN-ppO palequInN-usAg
s A N A N - A A \
9 09 0 9 0
Rouanbaliy Aousanbalq
< A b \ 4
M awl Y N awlL J
Y Y
qeeg g-ulsyed SHING _ BCCS V-ulsled SHNA



PCT/JP2014/000062

6/15

WO 2014/155899

[Fig. 6]

\.
0 0
l l
[4 c
€ ¢
v Aousnbai b
G G
PEZ9 < 9 0gZ9 < 9 |Aousnbaig
L L
8 8
6 6
ol 0l
L1 Rl [
. 9% tr L 09GP ccclO v . 9%PccclOo9sSrececlo v
) S|oqWIAS YINA4-DS/INA-O ‘s ) sjoquiAg YING4-DS/INAH0 .uEF
\
0 0
l l
[# 4
e ¢
¥ Aouanbaly v
G G
9ez9 < 9 egz9 < 9 |Aousnbaig
yA l
8 8
6 6
ol 0l
Ll , i L
. 94G¢rcccl 009GV eccl O \ 4 \. 9¢F €l 09 SG¥E€ECCLlO : 4
h s|oquAS YING-DS/INA-H0 ‘BwiL ) sjoquAg YINQS-OS/INA-0 ‘eu]



715

PCT/JP2014/000062

WO 2014/155899

[Fig. 7]

l
f L¥Z plomspog

ﬁ

/€7 uoljeualesuo?) y}o0|g sapoD

9

GgZ Buiyoley siey

%

£¢/ buipo) [puueyn

%

T€7 aWyoeRy OYO %00|g 9poD pue uoiejuswbag joo|g apo)

_ 1

ZZ Juswiyoeny 99 yoo|g Hodsuel|

A

6£/ Moo|g Hodsuel |

097 dN®




8/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 8]

088

G8
uoijelauac)
|eubis
NQ40

£e8
Jaddepy
uswa|3
921n0say

1g8
Buipodaid

]

678
laddepy

18he

r8
laddep
uonenpopy

Gr8
BETN=ETIES ]

cre

Buljquielog

A

TF8 pIomapod)




9/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 9]

SHING HOSAd A
ajelauan alelausn) SjeIous
A
azrs ﬁ H Hpoa ngom
uoneinbiyuon Sgl pue
SHING —Pp| O0jg 92IN0SY
9906 ~ e aulwis)a(qg dr06 ~ ‘SOIN & auiuae(g
ﬁ A
dc06 ~ ISD-1Q auiwlLea(
.
Y
q.96

UoosIeS SHING dlweuA

SHAA HJSdd _oIcWo_mm_
ajelauan) alelausn) sjeloUoD)
A A A
mN_\m:\ ﬁ . ﬂ ﬂmo_\m Hmmom
uoneinbiyuon Sdl pue
906 BH06~—— 00|g 921n0say
B auIuLlag ‘SOIA e aulwisla(
A
BZ206 ~ 1ISO-1d sului=i=ad
AN

~
/06

uooales SHING Aoebe




10/15

PCT/JP2014/000062

WO 2014/155899

qv00L ~ uoneinByuoo SYNA sYl sulwISeQ

A

uoneinBiyuod SYWNAQ 8Y} sulwlsag

~——EQ00|

i

(S¥NQ))
Xapul uonenBiuod SYNQ 8y} aulwis}eqg

~"Ey001

, (84dpN) syo0]q @91nosal
gqzool ~ paubisse jo Jaqunu ay} pue (SON|) xapul
awayds Buipoo pue uolejnpowl ay} auluse(

i

AN 000}

[Fig. 10]

(94dpN) syo0|q eainosal paubisse
JO 1aquwinu ay} pue (SON}) xapul swayos
Bulpod pue uolje|npow ay} auiwale(

——82001

4/ e0001



11/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 11]

qo0L L ~

uonelnByuos SYNQG dY} eulwIRle(g

A

uoneInByuos SYNQG 2ul eulwIsleqg _—~egol|

i

(SHINGy)

——E90L |
Xapul uoneinBiuod SYNAG 341 aululaeg

arollL ~

(84dN) s)00|q 90inosal paubisse
jo 1aqwinu 8y} pue (SON|) xapul awLayos
Buipoo pue uolenpow ay} sullle}a(

1

i

(849dN) wv,_oo_o_ a2Inosal paubisse
JO Jaquinu ay} pue (SON|) xapu) swayss (—e0L|
Buipoo pue uonenpow ay} aulwlae(

qcoll ~

(1DQ@) uoneWIOUI [OJIUOD YUIJUMOP SAIS0aY

i

/o_oo:

(1DQ) uoneuLIoUl [ORU0D YUIUMOP aAI809Y |——EBZ0L |

/ eQoLl



12/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 12]

68¢Cl

£6¢ ) S0EeL™U|
suoljesIuUNWWo)

l6¢l dSd

egecl eled

BCQZ L SUOIoNnJsu|

Z82T Mowsasp

8/¢cl
IEVNELEN

Zict
Japiwisuel |

9/¢l
lanl@osuel |

uggcl

09¢}) dN°®

T8Z ] 10SS900lid

e0gcl
eUUSUY



13/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 13]

68¢€1L

£6& L 2delBlU|
SUOI]EDIUNWWOYN

BGeE L Eled

BCQCL suolonsul

Z8¢€T Mows|y

0c€l
JEYVELEN

8G¢E1L

uceel

lepiwsuel |

8LE1L
lanl@osuel ]

c0€) AN

L8E L 10SSaT01

Bccel
Beuusuy



14/15

WO 2014/155899 PCT/JP2014/000062

[Fig. 14]

Control Means
1482

eNB 1460

Transmit Means
4

Receive Means
4




15/15

PCT/JP2014/000062

WO 2014/155899

[Fig. 15]

veGl

'SUB9I\ |0JIu0D

0cGl
SUBS|\ SAIS08Y

8GG1
sues|\ Jwsuel |

c06} 4N




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2014/000062

A.  CLASSIFICATION OF SUBJECT MATTER
Int.Cl. HO4W72/04 (2009.01)1

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl. HO4B7/24-7/26, H04W4/00-99/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1871-2014
Registered utility model specifications of Japan 1996-2014
Published registered utility model applications of Japan 1994-2014

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A Nokia Siemens Networks, Nokia, On uplink SU-MIMO 1-28
signaling, 3GPP TSG-RAN WGl#60, R1-101435,
2010.02.26

A WO 2012/064998 A2 (INTERDIGITAL PATENT HOLDINGS, 1-28
INC.) 2012.05.18, whole document

& JP 2014-502456 A & KR 10-2013-0129973 A & CN
103299572 A

A WO 2012/023036 A2 (ALCATEL LUCENT) 2012.02.23, 1-28
whole document

& US 2013/0148584 Al & EP 2606597 A & JP
2013-537767 A & KR 10-2013-0048249 A & CN
102377549 A

¥ Further documents are listed in the continuation of Box C. {7} See patent family annex.

¥ Special categories of cited documents: o “T” later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

«g» earlier application or patent but published on or after the inter-
national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other

«“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

special reason (as specified) “Yy” document of particular relevance; the claimed invention cannot
«0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such

“p” document published prior to the international filing date but later combination being obvious to a person skilled in the art

than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
20.03.2014 01.04.2014
Name and mailing address of the ISA/JP Authorized officer 5714682
Japan Patent Office Keiko ABE
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3534

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2014/000062

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

P,A

WO 2013/168541 A1 (NTT DOCOMO, INC.) 2013.11.14,
whole document
(No Family)

1-28

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - wo-search-report
	Page 58 - wo-search-report

