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Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application is related to U.S. Provisional
Application Serial No. 62/320,047, entitled "DOWNLINK
CONTROL FOR DEMODULATION REFERENCE SIG-
NAL TRANSMISSIONS" and filed on April 8, 2016, and
U.S. Patent Application No. 15/457,900, entitled
"DOWNLINK CONTROL FOR DEMODULATION REF-
ERENCE SIGNAL TRANSMISSIONS" and filed on
March 13, 2017.

BACKGROUND
Field
[0002] The present disclosure relates generally to

communication systems, and more particularly, to control
information for demodulation reference signal (DMRS)
based downlink (DL) transmissions in ultra-low latency
(ULL) communications.

Background

[0003] Wireless communication systems are widely
deployed to provide various telecommunication services
such as telephony, video, data, messaging, and broad-
casts. Typical wireless communication systems may em-
ploy multiple-access technologies capable of supporting
communication with multiple users by sharing available
system resources. Examples of such multiple-access
technologies include code division multiple access (CD-
MA) systems, time division multiple access (TDMA) sys-
tems, frequency division multiple access (FDMA) sys-
tems, orthogonal frequency division multiple access
(OFDMA) systems, single-carrier frequency division mul-
tiple access (SC-FDMA) systems, and time division syn-
chronous code division multiple access (TD-SCDMA)
systems.

[0004] These multiple access technologies have been
adopted in various telecommunication standards to pro-
vide a common protocol that enables different wireless
devices to communicate on a municipal, national, region-
al, and even global level. An example telecommunication
standard is 5G New Radio (NR). 5G NR is part of a con-
tinuous mobile broadband evolution promulgated by
Third Generation Partnership Project (3GPP) to meet
new requirements associated with latency, reliability, se-
curity, scalability (e.g., with Internet of Things (loT)), and
other requirements. Some aspects of 5G NR may be
based on the 4G Long Term Evolution (LTE) standard.
There exists a need for further improvements in 5G NR
technology. These improvements may also be applicable
to other multi-access technologies and the telecommu-
nication standards that employ these technologies.
[0005] In some wireless communication systems, cer-
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tain user equipments (UEs) may communicate using ULL
operations. ULL communications may include a control
structure for cell-specific reference signals (CRS)-based
transmissions that may not be directly extended to DL
DMRS-based transmissions. There is an unmet need for
a control structure that enables efficient DMRS-based
transmissions in ULL communications. HUAWEI ET AL:
"PDCCH design for short TTI", 3GPP DRAFT; R1
-162109, vol. RAN WG1, 2 April 2016; NTT DOCOMO
ET AL: "DL channel designs for shortened TTI", 3GPP
DRAFT; R1-163171, vol. RAN WG1, 1 April 2016; LG
ELECTRONICS: "Reference signal for sPDSCH demod-
ulation", 3GPP DRAFT; R1 -162505, vol.RAN WG1, 2
April 2016 discuss latency issues associated with short-
ened TTI.

SUMMARY

[0006] The following presents a simplified summary of
one or more aspects in order to provide a basic under-
standing of such aspects. This summary is not an exten-
sive overview of all contemplated aspects, and is intend-
ed to neither identify key or critical elements of all aspects
nor delineate the scope of any or all aspects. lts sole
purpose is to present some concepts of one or more as-
pectsinasimplified form as a prelude to the more detailed
description that is presented later.

[0007] Insome wireless communication systems, cer-
tain UEs may communicate using ULL operations. ULL
communications may include a control structure for CRS-
based transmissions that may not be directly extended
to DL DMRS-based transmissions. CRS-based trans-
mission design may include a control region that is em-
bedded into a DL data region. However, having a control
region that is embedded into a DL data region may not
perform well for DL DMRS-based transmissions. For ex-
ample, DMRS pilot signals that are optimized for the DL
data of a first UE may not be optimized for a second UE
receiving uplink (UL) control information in the same ULL
block assignment.

[0008] In order to provide a solution to the problem,
the presentdisclosure provides asetofappended claims.
In particular, claim 1 provides a method for wireless com-
munications executed by a user equipment, claim 12 pro-
vides a corresponding apparatus for wireless communi-
cation and claim 13 provides a corresponding computer-
readable medium. Embodiments are further defined by
the dependent claims. The present invention is thus de-
fined and limited by the scope of the appended claims

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]
FIG. 1 is a diagram illustrating an example of a wire-
less communications system and an access net-

work.
FIGs. 2A, 2B, 2C, and 2D are diagrams illustrating
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examples of a DL frame structure, DL channels with-
in the DL frame structure, an UL frame structure, and
UL channels within the UL frame structure, respec-
tively.

FIG. 3 is a diagram illustrating an example of a base
station and UE in an access network.

FIG. 4 is a data flow that may be used in a commu-
nications system in accordance with certain aspects
of the present disclosure.

FIG. 5 is a diagram of a short TTI that includes a
separate control region mapped to separate data re-
gions in accordance with certain aspects of the
present disclosure.

FIGs. 6A-6D each illustrate a short TTl that includes
a separate control region mapped to separate data
regions in accordance with certain aspects of the
present disclosure.

FIG. 7A illustrates a close-loop precoding structure
in accordance with certain aspects of the present
disclosure.

FIG. 7B illustrates an open-loop precoding structure
in accordance with certain aspects of the present
disclosure.

FIGs. 8A-8D illustrate a slot-based TTI in accord-
ance with certain aspects of the present disclosure.
FIG. 9 is a flowchart of a method of wireless com-
munication.

FIG. 10 is a conceptual data flow diagram illustrating
the data flow between different means/components
in an exemplary apparatus.

FIG. 11isadiagramillustrating an example of a hard-
ware implementation for an apparatus employing a
processing system.

DETAILED DESCRIPTION

[0010] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations and is not intended to
represent the only configurations in which the concepts
described herein may be practiced. The detailed descrip-
tion includes specific details for the purpose of providing
athorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
In some instances, well known structures and compo-
nents are shown in block diagram form in order to avoid
obscuring such concepts.

[0011] Several aspects of telecommunication systems
willnow be presented with reference to various apparatus
and methods. These apparatus and methods will be de-
scribed in the following detailed description and illustrat-
ed in the accompanying drawings by various blocks,
components, circuits, processes, algorithms, etc. (collec-
tively referred to as "elements"). These elements may be
implemented using electronic hardware, computer soft-
ware, or any combination thereof. Whether such ele-
ments are implemented as hardware or software de-
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pends upon the particular application and design con-
straints imposed on the overall system.

[0012] By way of example, an element, or any portion
of an element, or any combination of elements may be
implemented as a "processing system" that includes one
or more processors. Examples of processors include mi-
croprocessors, microcontrollers, graphics processing
units (GPUs), central processing units (CPUs), applica-
tion processors, digital signal processors (DSPs), re-
duced instruction set computing (RISC) processors, sys-
tems on a chip (SoC), baseband processors, field pro-
grammable gate arrays (FPGAs), programmable logic
devices (PLDs), state machines, gated logic, discrete
hardware circuits, and other suitable hardware config-
ured to perform the various functionality described
throughout this disclosure. One or more processors in
the processing system may execute software. Software
shall be construed broadly to mean instructions, instruc-
tion sets, code, code segments, program code, pro-
grams, subprograms, software components, applica-
tions, software applications, software packages, rou-
tines, subroutines, objects, executables, threads of exe-
cution, procedures, functions, etc., whether referred to
as software, firmware, middleware, microcode, hardware
description language, or otherwise.

[0013] Accordingly, in one or more example embodi-
ments, the functions described may be implemented in
hardware, software, or any combination thereof. If imple-
mented in software, the functions may be stored on or
encoded as one or more instructions or code on a com-
puter-readable medium. Computer-readable media in-
cludes computer storage media. Storage media may be
any available media that can be accessed by a computer.
By way of example, and not limitation, such computer-
readable media can comprise a random-access memory
(RAM), a read-only memory (ROM), an electrically eras-
able programmable ROM (EEPROM), optical disk stor-
age, magnetic disk storage, other magnetic storage de-
vices, combinations of the aforementioned types of com-
puter-readable media, or any other medium that can be
used to store computer executable code in the form of
instructions or data structures that can be accessed by
a computer.

[0014] FIG. 1is a diagram illustrating an example of a
wireless communications system and an access network
100. The wireless communications system (also referred
to as a wireless wide area network (WWAN)) includes
base stations 102, UEs 104, and an Evolved Packet Core
(EPC) 160. The base stations 102 may include macro
cells (high power cellular base station) and/or small cells
(low power cellular base station). The macro cells include
base stations. The small cells include femtocells, pico-
cells, and microcells.

[0015] The base stations 102 (collectively referred to
as Evolved Universal Mobile Telecommunications Sys-
tem (UMTS) Terrestrial Radio Access Network (E-
UTRAN)) interface with the EPC 160 through backhaul
links 132 (e.g., S1 interface). In addition to other func-
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tions, the base stations 102 may perform one or more of
the following functions: transfer of user data, radio chan-
nel ciphering and deciphering, integrity protection, head-
er compression, mobility control functions (e.g., hando-
ver, dual connectivity), inter-cell interference coordina-
tion, connection setup and release, load balancing, dis-
tribution for non-access stratum (NAS) messages, NAS
node selection, synchronization, radio access network
(RAN) sharing, multimedia broadcast multicast service
(MBMS), subscriber and equipment trace, RAN informa-
tion management (RIM), paging, positioning, and deliv-
ery of warning messages. The base stations 102 may
communicate directly or indirectly (e.g., through the EPC
160) with each other over backhaul links 134 (e.g., X2
interface). The backhaul links 134 may be wired or wire-
less.

[0016] The base stations 102 may wirelessly commu-
nicate with the UEs 104. Each of the base stations 102
may provide communication coverage for a respective
geographic coverage area 110. There may be overlap-
ping geographic coverage areas 110. For example, the
small cell 102" may have a coverage area 110’ that over-
laps the coverage area 110 of one or more macro base
stations 102. A network that includes both small cell and
macro cells may be known as a heterogeneous network.
A heterogeneous network may also include Home
Evolved Node Bs (eNBs) (HeNBs), which may provide
service to a restricted group known as a closed subscrib-
er group (CSG). The communication links 120 between
the base stations 102 and the UEs 104 may include uplink
(UL) (also referred to as reverse link) transmissions from
a UE 104 to a base station 102 and/or downlink (DL)
(also referred to as forward link) transmissions from a
base station 102 to a UE 104. The communication links
120 may use multiple-input and multiple-output (MIMO)
antenna technology, including spatial multiplexing,
beamforming, and/or transmit diversity. The communi-
cation links may be through one or more carriers. The
base stations 102 / UEs 104 may use spectrum up to Y
MHz (e.g., 5, 10, 15, 20, 100 MHz) bandwidth per carrier
allocated in a carrier aggregation of up to a total of Yx
MHz (x component carriers) used for transmission in
each direction. The carriers may or may not be adjacent
to each other. Allocation of carriers may be asymmetric
with respect to DL and UL (e.g., more or less carriers
may be allocated for DL than for UL). The component
carriers may include a primary component carrier and
one or more secondary component carriers. A primary
component carrier may be referred to as a primary cell
(PCell) and a secondary component carrier may be re-
ferred to as a secondary cell (SCell).

[0017] The wireless communications system may fur-
ther include a Wi-Fi access point (AP) 150 in communi-
cation with Wi-Fi stations (STAs) 152 via communication
links 154 in a 5 GHz unlicensed frequency spectrum.
When communicating in an unlicensed frequency spec-
trum, the STAs 152/ AP 150 may perform a clear channel
assessment (CCA) prior to communicating in order to
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determine whether the channel is available.

[0018] The small cell 102’ may operate in a licensed
and/or an unlicensed frequency spectrum. When oper-
ating in an unlicensed frequency spectrum, the small cell
102’ may employ NR and use the same 5 GHz unlicensed
frequency spectrum as used by the Wi-Fi AP 150. The
small cell 102, employing NRin an unlicensed frequency
spectrum, may boost coverage to and/or increase capac-
ity of the access network.

[0019] The gNodeB (gNB) 180 may operate in millim-
eter wave (mmW) frequencies and/or near mmW fre-
quencies in communication with the UE 104. When the
gNB 180 operates in mmW or near mmW frequencies,
the gNB 180 may be referred to as an mmW base station.
Extremely high frequency (EHF) is part of the RF in the
electromagnetic spectrum. EHF has a range of 30 GHz
to 300 GHz and a wavelength between 1 millimeter and
10 millimeters. Radio waves in the band may be referred
to as a millimeter wave. Near mmW may extend down
to a frequency of 3 GHz with a wavelength of 100 millim-
eters. The super high frequency (SHF) band extends be-
tween 3 GHz and 30 GHz, also referred to as centimeter
wave. Communications using the mmW / near mmW ra-
dio frequency band has extremely high path loss and a
short range. The mmW base station 180 may utilize
beamforming 184 with the UE 104 to compensate for the
extremely high path loss and short range.

[0020] The EPC 160 may include a Mobility Manage-
ment Entity (MME) 162, other MMEs 164, a Serving Gate-
way 166, a Multimedia Broadcast Multicast Service
(MBMS) Gateway 168, a Broadcast Multicast Service
Center (BM-SC) 170, and a Packet Data Network (PDN)
Gateway 172. The MME 162 may be in communication
with a Home Subscriber Server (HSS) 174. The MME
162 is the control node that processes the signaling be-
tweenthe UEs 104 and the EPC 160. Generally, the MME
162 provides bearer and connection management. All
user Internet protocol (IP) packets are transferred
through the Serving Gateway 166, which itself is con-
nected to the PDN Gateway 172. The PDN Gateway 172
provides UE IP address allocation as well as other func-
tions. The PDN Gateway 172 and the BM-SC 170 are
connected to the IP Services 176. The IP Services 176
may include the Internet, an intranet, an IP Multimedia
Subsystem (IMS), a PS Streaming Service (PSS), and/or
other IP services. The BM-SC 170 may provide functions
for MBMS user service provisioning and delivery. The
BM-SC 170 may serve as an entry point for content pro-
vider MBMS transmission, may be used to authorize and
initiate MBMS Bearer Services within a public land mobile
network (PLMN), and may be used to schedule MBMS
transmissions. The MBMS Gateway 168 may be used to
distribute MBMS traffic to the base stations 102 belong-
ing to a Multicast Broadcast Single Frequency Network
(MBSFN) area broadcasting a particular service, and
may be responsible for session management (start/stop)
and for collecting eMBMS related charging information.
[0021] The base station may also be referred to as a
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gNB, Node B, evolved Node B (eNB), an access point,
a base transceiver station, a radio base station, a radio
transceiver, a transceiver function, a basic service set
(BSS), an extended service set (ESS), or some other
suitable terminology. The base station 102 provides an
access point to the EPC 160 for a UE 104. Examples of
UEs 104 include a cellular phone, a smart phone, a ses-
sion initiation protocol (SIP) phone, a laptop, a personal
digital assistant (PDA), a satellite radio, a global position-
ing system, a multimedia device, a video device, a digital
audio player (e.g., MP3 player), a camera, a game con-
sole, a tablet, a smart device, a wearable device, a ve-
hicle, an electric meter, a gas pump, a toaster, or any
other similar functioning device. Some of the UEs 104
may be referred to as loT devices (e.g., parking meter,
gas pump, toaster, vehicles, etc.). The UE 104 may also
be referred to as a station, a mobile station, a subscriber
station, a mobile unit, a subscriber unit, a wireless unit,
a remote unit, a mobile device, a wireless device, a wire-
less communications device, a remote device, a mobile
subscriber station, an access terminal, a mobile terminal,
a wireless terminal, a remote terminal, a handset, a user
agent, a mobile client, a client, or some other suitable
terminology.

[0022] Referring again to FIG. 1, in certain aspects,
the UE 104 may be configured to receive DL control for
DMRS transmissions (198).

[0023] FIG.2Aisadiagram 200 illustrating an example
of a DL frame structure. FIG. 2B is a diagram 230 illus-
trating an example of channels within the DL frame struc-
ture. FIG. 2C is a diagram 250 illustrating an example of
an UL frame structure. FIG. 2D is a diagram 280 illus-
trating an example of channels within the UL frame struc-
ture. Other wireless communication technologies may
have a different frame structure and/or different chan-
nels. A frame (10 ms) may be divided into 10 equally
sized subframes. Each subframe may include two con-
secutive time slots. A resource grid may be used to rep-
resent the two time slots, each time slot including one or
more time concurrent resource blocks (RBs) (also re-
ferred to as physical RBs (PRBs)). The resource grid is
divided into multiple resource elements (REs). For a nor-
mal cyclic prefix, an RB contains 12 consecutive subcar-
riers in the frequency domain and 7 consecutive symbols
(for DL, OFDM symbols; for UL, SC-FDMA symbols) in
the time domain, for a total of 84 REs. For an extended
cyclic prefix, an RB contains 12 consecutive subcarriers
in the frequency domain and 6 consecutive symbols in
the time domain, for a total of 72 REs. The number of
bits carried by each RE depends on the modulation
scheme.

[0024] As illustrated in FIG. 2A, some of the REs carry
DL reference (pilot) signals (DL-RS) for channel estima-
tion at the UE. The DL-RS may include cell-specific ref-
erence signals (CRS) (also sometimes called common
RS), UE-specific reference signals (UE-RS), and chan-
nel state information reference signals (CSI-RS). FIG.
2A illustrates CRS for antenna ports 0, 1, 2, and 3 (indi-
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cated as R, Ry, Ry, and Rj, respectively), UE-RS for
antenna port 5 (indicated as Rg), and CSI-RS for antenna
port 15 (indicated as R). FIG. 2B illustrates an example
of various channels within a DL subframe of a frame. The
physical control format indicator channel (PCFICH) is
within symbol 0 of slot 0, and carries a control format
indicator (CFI) that indicates whether the physical down-
link control channel (PDCCH) occupies 1, 2, or 3 symbols
(FIG. 2B illustrates a PDCCH that occupies 3 symbols).
The PDCCH carries downlink control information (DCI)
within one or more control channel elements (CCEs),
each CCE including nine RE groups (REGs), each REG
including four consecutive REs in an OFDM symbol. A
UE may be configured with a UE-specific enhanced PD-
CCH (ePDCCH)thatalso carries DCI. The ePDCCH may
have 2, 4, or 8 RB pairs (FIG. 2B shows two RB pairs,
each subset including one RB pair). The physical hybrid
automatic repeat request (ARQ) (HARQ) indicator chan-
nel (PHICH) is also within symbol 0 of slot 0 and carries
the HARQ indicator (HI) that indicates HARQ acknowl-
edgement (ACK) / negative ACK (NACK) feedback
based on the physical uplink shared channel (PUSCH).
The primary synchronization channel (PSCH) may be
within symbol 6 of slot 0 within subframes 0 and 5 of a
frame. The PSCH carries a primary synchronization sig-
nal (PSS) that is used by a UE to determine sub-
frame/symbol timing and a physical layer identity. The
secondary synchronization channel (SSCH) may be
within symbol 5 of slot 0 within subframes 0 and 5 of a
frame. The SSCH carries a secondary synchronization
signal (SSS) that is used by a UE to determine a physical
layer cell identity group number and radio frame timing.
Based on the physical layeridentity and the physical layer
cell identity group number, the UE can determine a phys-
ical cell identifier (PCI). Based on the PCI, the UE can
determine the locations of the aforementioned DL-RS.
The physical broadcast channel (PBCH), which carries
a master information block (MIB), may be logically
grouped with the PSCH and SSCH to form a synchroni-
zation signal (SS) block. The MIB provides a number of
RBs in the DL system bandwidth, a PHICH configuration,
and a system frame number (SFN). The physical down-
link shared channel (PDSCH) carries user data, broad-
cast system information not transmitted through the
PBCH such as system information blocks (SIBs), and
paging messages.

[0025] Asiillustratedin FIG. 2C, some of the REs carry
demodulation reference signals (DM-RS) for channel es-
timation at the base station. The UE may additionally
transmit sounding reference signals (SRS) in the last
symbol of a subframe. The SRS may have a comb struc-
ture, and a UE may transmit SRS on one of the combs.
The SRS may be used by a base station for channel
quality estimation to enable frequency-dependent sched-
uling on the UL. FIG. 2D illustrates an example of various
channels within an UL subframe of a frame. A physical
random access channel (PRACH) may be within one or
more subframes within a frame based on the PRACH
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configuration. The PRACH may include six consecutive
RB pairs within a subframe. The PRACH allows the UE
to perform initial system access and achieve UL synchro-
nization. A physical uplink control channel (PUCCH) may
be located on edges of the UL system bandwidth. The
PUCCH carries uplink control information (UCI), such as
scheduling requests, a channel quality indicator (CQl), a
precoding matrix indicator (PMI), a rank indicator (RI),
and HARQ ACK/NACK feedback. The PUSCH carries
data, and may additionally be used to carry a buffer status
report (BSR), a power headroom report (PHR), and/or
UCI.

[0026] FIG. 3 is a block diagram of a base station 310
in communication with a UE 350 in an access network.
In the DL, IP packets from the EPC 160 may be provided
to a controller/processor 375. The controller/processor
375 implements layer 3 and layer 2 functionality. Layer
3includes aradio resource control (RRC)layer, and layer
2 includes a packet data convergence protocol (PDCP)
layer, a radio link control (RLC) layer, and a medium ac-
cess control (MAC) layer. The controller/processor 375
provides RRC layer functionality associated with broad-
casting of system information (e.g., MIB, SIBs), RRC con-
nection control (e.g., RRC connection paging, RRC con-
nection establishment, RRC connection modification,
and RRC connection release), inter radio access tech-
nology (RAT) mobility, and measurement configuration
for UE measurement reporting; PDCP layer functionality
associated with header compression / decompression,
security (ciphering, deciphering, integrity protection, in-
tegrity verification), and handover support functions; RLC
layer functionality associated with the transfer of upper
layer packet data units (PDUs), error correction through
ARQ, concatenation, segmentation, and reassembly of
RLC service data units (SDUs), re-segmentation of RLC
data PDUs, and reordering of RLC data PDUs; and MAC
layer functionality associated with mapping between log-
ical channels and transport channels, multiplexing of
MAC SDUs onto transport blocks (TBs), demultiplexing
of MAC SDUs from TBs, scheduling information report-
ing, error correction through HARQ, priority handling, and
logical channel prioritization.

[0027] The transmit (TX) processor 316 and the re-
ceive (RX) processor 370 implement layer 1 functionality
associated with various signal processing functions. Lay-
er 1, which includes a physical (PHY) layer, may include
error detection on the transport channels, forward error
correction (FEC) coding/decoding of the transport chan-
nels, interleaving, rate matching, mapping onto physical
channels, modulation/demodulation of physical chan-
nels, and MIMO antenna processing. The TX processor
316 handles mapping to signal constellations based on
various modulation schemes (e.g., binary phase-shift
keying (BPSK), quadrature phase-shift keying (QPSK),
M-phase-shift keying (M-PSK), M-quadrature amplitude
modulation (M-QAM)). The coded and modulated sym-
bols may then be split into parallel streams. Each stream
may then be mapped toan OFDM subcarrier, multiplexed
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with a reference signal (e.g., pilot) in the time and/or fre-
quency domain, and then combined together using an
Inverse Fast Fourier Transform (IFFT)to produce a phys-
ical channel carrying a time domain OFDM symbol
stream. The OFDM stream is spatially precoded to pro-
duce multiple spatial streams. Channel estimates from a
channel estimator 374 may be used to determine the
coding and modulation scheme, as well as for spatial
processing. The channel estimate may be derived from
a reference signal and/or channel condition feedback
transmitted by the UE 350. Each spatial stream may then
be provided to a different antenna 320 via a separate
transmitter 318TX. Each transmitter 318TX may modu-
late an RF carrier with a respective spatial stream for
transmission.

[0028] At the UE 350, each receiver 354RX receives
asignal through its respective antenna 352. Each receiv-
er 354RX recovers information modulated onto an RF
carrier and provides the information to the receive (RX)
processor 356. The TX processor 368 and the RX proc-
essor 356 implement layer 1 functionality associated with
various signal processing functions. The RX processor
356 may perform spatial processing on the information
to recover any spatial streams destined for the UE 350.
If multiple spatial streams are destined for the UE 350,
they may be combined by the RX processor 356 into a
single OFDM symbol stream. The RX processor 356 then
converts the OFDM symbol stream from the time-domain
to the frequency domain using a Fast Fourier Transform
(FFT). The frequency domain signal comprises a sepa-
rate OFDM symbol stream for each subcarrier of the
OFDM signal. The symbols on each subcarrier, and the
reference signal, are recovered and demodulated by de-
termining the mostlikely signal constellation points trans-
mitted by the base station 310. These soft decisions may
be based on channel estimates computed by the channel
estimator 358. The soft decisions are then decoded and
deinterleaved to recover the data and control signals that
were originally transmitted by the base station 310 on
the physical channel. The data and control signals are
then provided to the controller/processor 359, which im-
plements layer 3 and layer 2 functionality.

[0029] The controller/processor 359 can be associated
with a memory 360 that stores program codes and data.
The memory 360 may be referred to as a computer-read-
able medium. In the UL, the controller/processor 359 pro-
vides demultiplexing between transport and logical chan-
nels, packet reassembly, deciphering, header decom-
pression, and control signal processing to recover IP
packets from the EPC 160. The controller/processor 359
is also responsible for error detection using an ACK
and/or NACK protocol to support HARQ operations.
[0030] Similar to the functionality described in connec-
tion with the DL transmission by the base station 310,
the controller/processor 359 provides RRC layer func-
tionality associated with system information (e.g., MIB,
SIBs) acquisition, RRC connections, and measurement
reporting; PDCP layer functionality associated with head-
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er compression / decompression, and security (cipher-
ing, deciphering, integrity protection, integrity verifica-
tion); RLC layer functionality associated with the transfer
of upper layer PDUs, error correction through ARQ, con-
catenation, segmentation, and reassembly of RLC
SDUs, re-segmentation of RLC data PDUs, and reorder-
ing of RLC data PDUs; and MAC layer functionality as-
sociated with mapping between logical channels and
transport channels, multiplexing of MAC SDUs onto TBs,
demultiplexing of MAC SDUs from TBs, scheduling in-
formation reporting, error correction through HARQ, pri-
ority handling, and logical channel prioritization.

[0031] Channel estimates derived by a channel esti-
mator 358 from a reference signal or feedback transmit-
ted by the base station 310 may be used by the TX proc-
essor 368 to select the appropriate coding and modula-
tion schemes, and to facilitate spatial processing. The
spatial streams generated by the TX processor 368 may
be provided to different antenna 352 via separate trans-
mitters 354TX. Each transmitter 354TX may modulate
an RF carrier with a respective spatial stream for trans-
mission.

[0032] The UL transmission is processed at the base
station 310 in a manner similar to that described in con-
nection with the receiver function at the UE 350. Each
receiver 318RX receives a signal through its respective
antenna 320. Each receiver 318RX recovers information
modulated onto an RF carrier and provides the informa-
tion to a RX processor 370.

[0033] The controller/processor 375 can be associated
with a memory 376 that stores program codes and data.
The memory 376 may be referred to as a computer-read-
able medium. In the UL, the controller/processor 375 pro-
vides demultiplexing between transport and logical chan-
nels, packet reassembly, deciphering, header decom-
pression, control signal processing to recover IP packets
fromthe UE 350. IP packets from the controller/processor
375 may be provided to the EPC 160. The controller/proc-
essor 375 is also responsible for error detection using an
ACK and/or NACK protocol to support HARQ operations.
[0034] In some wireless communication systems, cer-
tain UEs may communicate using ULL operations. Such
communications may include a control structure for CRS-
based transmissions that may not be directly extended
to DL DMRS-based transmissions. CRS-based trans-
mission design may include a control region that is em-
bedded into a DL data region. However, a configuration
with a control region embedded into a DL data region
may not perform well for DL DMRS-based transmissions.
For example, DMRS pilot signals that are optimized for
the DL data of a first UE may notbe optimized for a second
UE receiving UL control information in the same ULL
block assignment.

[0035] In order to provide a solution to the problem,
the present disclosure provides a unique control region
that may be mapped to each data region for DL DMRS
transmissions. In addition, the present disclosure pro-
vides an updated DCI format that may include DL DMRS

10

15

20

25

30

35

40

45

50

55

transmissions.

[0036] FIG. 4 is a diagram of a data flow 400 for a ULL
communication system in accordance with one aspect
of the present disclosure. The ULL communications sys-
tem may include an eNB 404 in communication with a
UE 406. To reduce control overhead in the ULL commu-
nication system, information such as the MCS may be
signaled to the UE 406 in a slow grant 401 (e.g., every
millisecond), and information that indicates a physical
resource block (PRB) location and control region/data
region mapping may be signaled to the UE 406 in a fast
grant 403 (e.g., more frequently than every millisecond).
Based on the slow grant 401, the UE 406 may determine
405 that a DL DMRS transmission configuration is being
used by the eNB 404.

[0037] In one aspect, the UE 406 may receive, from
the eNB 404, content 407 during a first TTI. For example,
the duration of the first TTI may be shorter than 1 ms. In
an aspect, the content may include at least a control re-
gion which includes a DMRS. The UE 406 may demod-
ulate 409 the control region based at least on the DMRS.
[0038] In one aspect, the control region may include
one or more DL or UL data grants. For example, the one
or more DL or UL data grants include a first grant asso-
ciated with a first data region for the first UE and a second
grant associated with a second data region for a second
UE (e.g., notillustrated in FIG. 4). In other words, the one
or more DL or UL data grants may provide a mapping
between control regions and data regions. In addition,
one or more ofthe DL or UL data grants may be is mapped
to DMRS received from the eNB 404. In certain config-
urations, the control region may include a DL grant for a
second TTI. Here, the DL grant may allocate both control
and data regions associated with the second TTI for DL
data reception 411. Further details of the mapping of
DMRS to DL or UL data grants are discussed infra with
respect to FIGs. 5, 6A, 6B, 6C, and 6D.

[0039] FIG. 5 is a diagram of a short TTI 500 that in-
cludes a separate control region mapped to each data
region. For example, the short TTI 500 illustrated in FIG.
5may be used for DL DMRS transmissions. One or more
control regions and data regions for a short TTI may be
allocated for a given channel bandwidth.

[0040] In the example embodiment illustrated in FIG.
5, the channel bandwidth of the short TTI 500 includes
four separate control regions, each separately mapped
to a different data region. For example, control region R1
502a (e.g., Control R1) is mapped to data region R1 502b
(e.g., Data R1), control region R2 504a (e.g., Control R2)
is mapped to data region R2 504b (e.g., Data R2), control
region R3 560a (e.g., Control R3) is mapped to data re-
gion R3 506b (e.g., Data R3), and control region R4 508a
(e.g., Control R4) is mapped to data region R4 508b (e.g.,
Data R4). In one aspect, the location of each of Control
R1 502a, Control R2 504a, Control R3 506a, and Control
R4 508a may be signaled to the UE 406 by a higher layer
configuration.

[0041] The UE 406 may attempt to decode/demodu-
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late 409 each of the control regions based on DMRS. If
a control region is successfully decoded/demodulated
409, then the UE 406 may attempt to decode/demodulate
the corresponding data region. For example, if Control
R1 502a is successfully decoded/demodulated, then the
UE 406 may attempt to decode/demodulated Data R1
502b.

[0042] In an alternative embodiment, the UE 406 may
be assigned to multiple data regions from single control
region (e.g., a multiblock assignment). For example,
Control R1 502a may assign the UE 406 to Data R1 and
additionally to any combination of Data R2 504b, Data
R3 506b, and/or Data R4 508b. To minimize overhead
in amultiblock assignment, an unused control region may
be converted into a data region. For example, if Control
R1 502a assigns the UE 406 to Data R1 502b and Data
R2 506b, Control R2 504a may be converted as part of
Data R2 504b.

[0043] FIG. 6A illustrates a single slot TTI 600 that in-
cludes a DL grant for UE 1. For example, the single slot
TTI 600 illustrated in FIG. 6A includes a DL grant 602a
for UE 1 in control region R1 (e.g., Control R1). The DL
grant602a may include rate matching information for cor-
responding data region R1 602b (e.g., Data R1). In the
example illustrated in FIG. 6A, Control R1 may include
X number of PRBs, and Data R1 may include Z number
of PRBs. Here, X and Z may be the same number of
PRBs or a different number of PRBs.

[0044] FIG. 6B illustrates a single slot TTI 615 that in-
cludes a DL grant for UE 1 and an UL grant for UE 2. For
example, the single slot TTI 615 illustrated in FIG. 6B
includes a DL grant 602a for UE 1 and an UL grant 602¢c
in controlregion R1 (e.g., Control R1). The DL grant 602a
may include rate matching information for corresponding
data region R1 602b (e.g., Data R1). In the example il-
lustrated in FIG. 6B, the DL grant 602a may include X
number of PRBs in Control R1 and the UL grant 602¢c
may include Y number of PRBs in Control R1. Thus, Con-
trol R1 includes X+Y number of PRBs. Here, X and Y
may be the same number of PRBs or a different number
of PRBs. The Data R1 602b may include Z-Y PRBs.
[0045] FIG. 6C illustrates a two symbol TTI 630 that
includes a DL grant 602a for UE 1. For example, the two
symbol TTI 630 illustrated in FIG. 6C includes a DL grant
602a for UE 1 in control region R1 (e.g., Control R1)
located in the first symbol in the two symbol TT1630 (e.g.,
at the start of the TTI). By positioning the DL grant 602a
atthe start of the two symbol TT1630, a larger processing
time for HARQ may be possible. In addition, data region
R1602b (e.g., Data R1) may be located in the first symbol
and the second symbol in the two symbol TTI 630.
[0046] FIG. 6D illustrates a two symbol TTI 645 that
includes a DL grant for UE 1 and a UL grant for UE2. For
example, the two symbol TTI 645 illustrated in FIG. 6D
includes a DL grant 602a for UE 1 in control region R1
(e.g., Control R1) located in the first symbol in the two
symbol TTI 645 (e.g., at the start of the two symbol TTI
645). In addition, a UL grant 602b for UE 2 in Control R1
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is located in the second symbol of the two symbol TTI
645. By positioning the DL grant 602a at the start of the
two symbol TTI 645 and the UL grant 602b at the end of
the TTI, a larger processing time for HARQ may be pos-
sible. In addition, data region R1 602b (e.g., Data R1)
may be located in the first symbol and the second symbol
in the two symbol TTI 645.

[0047] Referring again to FIG. 4, the content 407 may
include a location of the DMRS that is defined by either
a closed-loop precoding structure or an open-loop pre-
coding structure.

[0048] Withrespectto the closed-loop precoding struc-
ture, DMRS pilot signals may be used for specific user(s).
The DMRS pilot signals may be included in the control
region of the TTI that contains a grant for a specific user.
In the closed-loop precoding structure, a control region
thatis shared between multiple users may require a multi-
user MIMO (MU-MIMO) configuration. Additional details
ofthe closed-loop precoding structure are discussed infra
with respect to FIG. 7A.

[0049] FIG. 7A illustrates a control PRB 700 in which
the DMRS location is defined with a closed-loop precod-
ing structure. Seven different TTls (e.g., TTI0, TTI1, TTI
2, TTI1 3, TTI 4, TTI 5, and TTI 6) that each include two
symbols are illustrated in the control PRB 700 of FIG.
7A. The control PRB 700 may include UE 1 DL control
information 702, UE 2 UL control information 704, UE 1
UL control information 706, UE 2 DL data 708, UE 3 DL
control information 710, UE 3 DL data 712, and UE 4 UL
control information 714. A UE receiving DL data in a par-
ticular TTI may receive a control grant that includes one
or more DMRS pilot signals. The location of DMRS pilot
signals may be an RE which is mapped to a single port
(e.g., port A 716, port B 718, port C 720, and/or port D
722). The DMRS ports (e.g., port A 716, port B 718, port
C 720, and port D 722) may be optimized via CSI infor-
mation.

[0050] In the example illustrated in FIG. 7A, in TTI 1,
UE 1 may be allocated resources for the DL and UE 2
may be allocated resources for the UL. In certain config-
urations, separate ports may be used for the DMRS pilot
signals for UE 1 and UE 2. For example, DMRS pilot
signals for UE 1 may be received on port A 716 and port
B 718, and DMRS pilot signals for UE 2 may be received
on port C 720 and port D 722.

[0051] As seenin FIG. 7A,in TTI 3, UE 1 may be al-
located resources for both the DL and UL. Here, DMRS
pilot signals for the DL may be received on port A 716
and port B 718, and DMRS pilot signals for the UL may
be received on port C 720 and port D 722.

[0052] AsseeninFIG.7A,in TTl4, UE 2 may receive
DL data with resources that are allocated in a different
PRB that is not illustrated in FIG. 7A.

[0053] As seeninFIG. 7A,in TTI 5, UE 3 may be al-
located resources for the DL. In the example illustrated
in FIG. 7A, DMRS pilot signals may be received on a
single port (e.g., port A 716). Since no UL grantis present
in TTI 5, UE 3 DL control information 710 may contain
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rate matching information to allocate UL control REs for
UE 3 DL data 712.

[0054] As seenin FIG. 7A, in TTI 6, UE 4 may be al-
located resources for the UL. Here, DMRS pilot signals
for the UL may be received on port C 720 and port D 722.
[0055] FIG. 7B illustrates a control PRB 715 in which
the DMRS location is defined with an open-loop precod-
ing structure. Seven different TTls (e.g., TTIO, TTI1, TTI
2, TTI 3, TTI 4, TTI 5, and TTI 6) that each include two
symbols are illustrated in the control PRB 715 of FIG.
7B. The control PRB 715 may include UE 1 DL control
information 702, UE 2 UL control information 704, UE 2
DL data 708, UE 3 DL control information 710, UE 3 DL
data 712, and UE 4 UL control information 714.

[0056] In the open-loop precoding structure illustrated
in FIG. 7B, DMRS pilot signals may be received at one
or more predetermined positions (e.g., TTI 1 and TTI 4).
In other words, the location of the DMRS may be defined
by the open-loop structure. The UE 406 may be informed
that the open-loop precoding structure (e.g., the location
of the DMRS and a repetition cycle of the DMRS) is used
via higher layer signaling (e.g., RRC signaling). A UE
receiving DL datain a particular TTI may use a previously
received DMRS pilot signal (e.g., a past allocation of
DMRS pilot signals) for demodulation of the control in-
formation in the particular TTl in which the UE is receiving
DL data.

[0057] In an aspect, a single set of ports (e.g., port A
716 and port B 718) may be needed when using the open-
loop precoding structure. In the example illustrated in
FIG. 7B, port A 716 and port B 718 may be located in the
first symbol of each of TTl 1 and TTI 4. The UE control
information (e.g., for one or more of DL or UL) may use
a precoded cycling pattern known by both the UE 406
and the eNB 404. In other words, control information in
the control PRB 715 may be precoded using a pre-de-
fined cycling pattern. In an aspect, the precoded cycling
may be a function of the PRB and REs.

[0058] The control region in TTI 3 includes resources
used for receiving UE 2 DL data 708 and may be allocated
by a DL grant in different PRB that is not illustrated in
FIG. 7B. The control region in TTI 3 may be demodulated
using the DMRS signals received in the same PRB in
ports of one or more previous TTls.

[0059] In a scenario in which no UL grant is received,
asinTTI5 (e.g., but which does include a DL grant), UE3
DL data 712 may be received in the second symbol of
the control region of TTI 5. As illustrated in TTI 6, the
control region may contain an UL grant and not a DL
grant.

[0060] Referring again to FIG. 4, the content 407 may
include control information and DL data that is received
in a slot based TTI. A slot based TTl may include a TTI
that spans a single slot. Additional details with respect
to DL control information for slot based TTI is described
infra with respect to FIGs. 8A, 8B, 8C, and 8D.

[0061] FIG. 8A illustrates a DL control information
structure 800 in accordance with certain aspects of the
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present disclosure. For example, FIG. 8A depicts two
ULL blocks that each include a control PRB 802a and a
data PRB 802b located in a slot TTI. In the example il-
lustrated in FIG. 8A, one ULL block may be located in
TTI slot 0 of the subframe, and another ULL block is lo-
cated in TTl slot 1 of the subframe. Each of TTI slot OTTI
slot 0 and TTI slot 1 may include a control region located
approximately at the end of each TTI. The control region
may include DMRS open loop precoding signals 804 and
control information 806.

[0062] Inthe example illustrated in FIG. 8A, TTl slot 0
may include DMRS open loop precoding signals 804 lo-
cated in symbols 5 and 6. In TTI slot 1TTI slot 1, the
DMRS open loop precoding signals 804 may be located
in symbols 12 and 13. Control information 806 is placed
adjacent (e.g., carried by adjacent subcarriers) to the
DMRS open loop precoding signals 804 in symbols 5, 6,
12, and 13.

[0063] In the control PRB 802a, the DMRS structure
may use DMRS open loop precoding. In the data PRB
802b, the DMRS structure may include legacy DMRS
ports 7-14 808 in symbols 5, 6, 12, and 13. In the example
illustrated in FIG. 8A, resources are scheduled using an
allocation of control information 806 in slot N to provide
aresource grantin slot N+1. For example, the allocation
of control information 806 in TTI slot 0 provides the re-
source grant for ULL PDSCH (uPDSCH) data 810in TTI
slot 1. Similarly, the allocation of control information 806
in TTI slot 1 may provide a resource grant for uPDSCH
data in a subsequent slot not illustrated in FIG. 8A. The
UE 406 may use open loop precoding to demodulate the
uPDSCH data 810 located in the control PRB 802a. The
location of the control information 806 in FIG. 8A may be
fixed, and hence may not be optimized via rate matching.
[0064] FIG. 8B illustrates a DL control information
structure 815 in accordance with certain aspects of the
present disclosure. For example, FIG. 8B depicts two
ULL blocks that each include a control PRB 802a and a
data PRB 802b located in a slot TTI. One ULL block may
be located in TTI slot 0 of the subframe, and another ULL
block may be located in TTI slot 1 of the subframe. In the
control PRB 802a, the DMRS structure may include
DMRS open loop precoding signals 804. In the data PRB
802b, the DMRS structure may include legacy DMRS
ports 7-14 808.

[0065] Each of TTlslot0and TTI slot 1 may include a
controlregion. The control regionin TTIslot 0 mayinclude
DMRS open loop precoding signals 804 in symbols 5 and
6. The control region of TTI slot 1 may include DMRS
open loop precoding signals 804 in symbols 12 and 13.
Additionally, the control region of TTI slot 1 may include
controlinformation 806 atthe frontofthe TTI (e.g., symbol
7).

[0066] The DL control information structure 815 illus-
trated in FIG. 8B may embed the control information 806
in the same slot TTI as the uPDSCH data 810 (e.g., at
the front of slot 1). The control information 806 may pro-
vide rate matching information for the UE 406 to use in
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decoding the uPDSCH data 810. Having the control in-
formation 806 provide rate matching information may
provide the advantage of early decoding of the uPDSCH
data 810 and a reduced uPDSCH data 810 decoding
processing time. The UE 406 may rely on the DMRS
open loop precoding signals 804 from the previous slot
(e.g., TTl slot 0) to perform an early decoding of the con-
trol information 806. In addition, the DL control informa-
tion structure 815 illustrated in FIG. 8B may allow a re-
source allocation for the uPDSCH data 810 to be modified
to account for a variable number of control grants.
[0067] FIG. 8C illustrates a DL control information
structure 830 in accordance with one aspect of the
present disclosure. For example, FIG. 8C depicts three
ULL blocks that each includes a control PRB 802a and
a data PRB 802b located in a slot TTI. A first ULL block
may be located in slot 0 of subframe 1, a second ULL
block may be located in slot 1 of the subframe 1, and a
third ULL block may be located in slot 0 of subframe 2.
In the control PRB 802a, the DMRS structure may include
DMRS open loop precoding signals 804 in slot 1 of sub-
frame 1 and slot 0 of subframe 2. In the data PRB 802b,
the DMRS structure may include legacy DMRS ports
7-14 808 in TTI slot 1 of subframe 1 and TTI slot 0 of
subframe 2. In the example illustrated in FIG. 8C, CRS
transmissions 812 may be located in symbols 0 and 1 of
slot 0 in subframe 1.

[0068] Since a CRS transmission 812 is received in
slot 0 of subframe 1, a DMRS may not be transmitted in
slot 0 of subframe 1. Hence, placing a DMRS in slot 0 of
subframe 1 for demodulation of uPDSCH data 810 in slot
1 of subframe 1 may not be optimal. Instead, frontloaded
DMRS open loop precoding signals 804 and control in-
formation 806 may be located in slot 1 of subframe 1
(e.g.,locatedin symbols 7 and 8). The frontloaded DMRS
open loop precoding signals 804 and control information
806 may be used to demodulate the uPDSCH data 810
located in slot 1 of subframe 1. In an aspect, the MCS
for the uPDSCH data 810 in slot 1 of subframe 1 may be
constrained so for higher reliability. For example, a lower
MCS may provide additional redundancy at the expense
of data rate thus increasing the probability of a successful
transmission. In addition, the higher the MCS the less
redundancy in the data and fewer errors may be tolerat-
ed. In addition, slot 1 of subframe 1 may include back-
end DMRS open loop precoding signals 804 and control
information 806 (e.g., located in symbols 12 and 13). The
back-end DMRS open loop precoding signals 804 and
control information 806 may be used to demodulate the
uPDSCH data 810 in slot 0 of subframe 2.

[0069] FIG. 8D illustrates a DL control information
structure 845 in accordance with one aspect of the
present disclosure. For example, FIG. 8D depicts two
ULL blocks that each include a control PRB 802a and a
data PRB 802b located in a slot TTI. One ULL block may
be located in TTI slot 0 of the subframe, and another ULL
block may be located in TTI slot 1 of the subframe. In the
control PRB 802a, the DMRS structure may include
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DMRS open loop precoding signals 804. In the data PRB
802b, the DMRS structure may include legacy DMRS
ports 7-14 808.

[0070] Eachof TTlslot 0 and TTI slot 1 may include a
controlregion. The control regionin TTIslot 0 mayinclude
DMRS open loop precoding signals 804 in symbols 5 and
6. The control region of TTI slot 1 may include DMRS
open loop precoding signals 804 in symbols 12 and 13.
Additionally, the control region of TTI slot 1 includes con-
trol information 806 at the front of the TTI (e.g., symbol
7). Furthermore, CRS transmissions 812 may be located
in symbols 0 and 1 of slot 0 in subframe 1.

[0071] The DL control information structure 845 illus-
trated in FIG. 8D may embed the control information 806
in the same slot TTl as the uPDSCH data 810 (e.g., at
the front of slot 1). Additionally and/or alternatively, the
CRS transmission 812 may be used in demodulation of
uPDSCH data 810. The control information 806 may pro-
vide rate matching information for the UE 406 to use in
decoding the uPDSCH data 810. Having the control in-
formation 806 provide rate matching information may
provide the advantage of early decoding of the uPDSCH
data 810 and a reduced uPDSCH decoding processing
time. The UE 406 may rely on the DMRS open loop pre-
coding signals 804 from the previous slot (e.g., TTI slot
0) to perform an early decoding of the control information
806. In addition, the DL control information structure 845
illustrated in FIG. 8D may allow a resource allocation for
the uPDSCH data 810 to be modified to account for a
variable number of control grants.

[0072] FIG.9is aflowchart 900 of a method of wireless
communication. The method may be performed by a UE
(e.g., UE 104, 152, 350, 406, the apparatus 1002/1002’).
In FIG. 9, optional operations are indicated with dashed
lines.

[0073] At902,the UE mayreceive afirst content during
afirst TTI. In one aspect, the first content may include at
least a control region with a DMRS. In another aspect, a
location of the DMRS may be defined by either a closed-
loop precoding structure or an open-loop precoding
structure. In addition, the duration of the first TTI may be
shorter than 1 ms. Still further, the control region may
also include one or more DL grants or UL data grants.
Additionally, the one or more DL grants or UL data grants
may include afirst grant associated with afirst data region
for the first UE and a second grant associated with a
second data region forasecond UE. In one configuration,
the first and second UEs may be different. The DL grant
or UL data grant of the one or more DL grants or UL data
grants may be mapped to the received DMRS. Further,
the one or more DL grants or UL data grants may be
associated with one or more data regions. In one aspect,
a DL grant of the DL or UL grant may be received at
approximately a beginning of the TTI, and an UL grant
of the DL or UL grant may be received at approximately
at an end of the TTI. For example, referring to FIG. 6B,
the single slot TTl 615 may include a DL grant 602a for
UE 1 and an UL grant 602b in control region R1 (e.g.,
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Control R1). The DL grant 602a may include rate match-
ing information for corresponding data region R1 602b
(e.g., Data R1). In the example illustrated in FIG. 6B, the
DL grant 602a may include X number of PRBs in Control
R1 and the UL grant 602c may include Y number of PRBs
in Control R1. Thus, Control R1 includes X+Y number of
PRBs. Here, X and Y may be the same number of PRBs
or a different number of PRBs. The Data R1 602b may
include Z-Y PRBs. In another example, referring to FIG.
6D, the two symbol TTI 645 may include a DL grant 602a
for UE 1 in control region R1 (e.g., Control R1) located
in the first symbol in the two symbol TTI 645 (e.g., at the
start of the two symbol TTI 645), and an UL grant 602c
for UE 2 in Control R1 is located in the second symbol
of the two symbol TTI 645. By positioning the DL grant
602a at the start of the two symbol TTI 645 and the UL
grant 602c at the end of the TTI, alarger processing time
for HARQ may be possible. In another aspect, the control
region may include rate matching information for a cor-
responding data region. The duration of the first TTI may
be two symbols, as illustrated in FIGs. 6C, 6D, 7A, and
7B. Alternatively, the duration of the first TTI may be a
single slot, as illustrated in FIGs. 8A, 8B, 8C, and 8D. In
another aspect, the location of the DMRS may defined
by the closed-loop precoding structure (e.g., asillustrated
in FIG. 7A). In an aspect, the location of the DMRS may
be assigned based on CSl information sent from the UE.
In another aspect, the control region may include a spe-
cific UL or DL grant for a first UE. Further, the first UE
may be configured for MU-MIMO configurations such that
the control region may be shared between the first UE
and one or more other UEs. In one aspect, the control
region may include a first region and a second region. In
certain configurations, the first region may be assigned
to the first UE thereby allowing the second region to be
assigned to a different UE. For example, referring to FIG.
7A, separate users (e.g., UE 1 and UE 2) may be allo-
cated resources for the DL (e.g., UE 1) and the UL (e.g.,
UE 2) in TTI 1. Therefore, separate ports are used for
the DMRS pilot signals for UE 1 and UE 2. For example,
DMRS pilot signals for UE 1 are received on port A716
and port B 718, and DMRS pilot signals for UE 2 are
received on port C 720 and port D 722. In another aspect,
the first region may include a DL grant for the first UE
and the second region including an UL grant for the first
UE. Forexample, referringto FIG. 7A, a single user (e.g.,
UE 1) is being allocated resources for both the DL and
UL. Here, DMRS pilot signals for the DL may be received
on port A 716 and port B 718, and DMRS pilot signals
for the UL may be received on port C 720 and port D 722.
In a further aspect, the location of the DMRS may be a
resource element which is mapped to a single port. For
example, referring to FIG. 7A, the location of DMRS pilot
signals may be a resource element which is mapped to
a single port. For example, an RE for each of port A 716,
port B 718, port C 720, and port D 722. In an additional
aspect, the control region may include a DL grant for a
second TTI. In certain configurations, the DL grant may
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allocate both control and data regions associated with
the second TTI for DL data reception.

[0074] At 904, the UE may demodulate the control re-
gion based at least on the DMRS. For example, referring
to FIG. 4, UE 406 may demodulate 409 the control region
based at least on the DMRS.

[0075] At 906, the UE may receive DL data during the
second TTI. For example, referring to FIG. 7A, a single
user (e.g., UE 3) may be allocated resources for the DL.
In the example illustrated in FIG. 7A, DMRS pilot signals
may be received on a single port (e.g., port A716). Since
no UL grant may be present in TTI 5, UE 3 DL control
information 710 may contain rate matching information
to allocate UL control REs for UE 3 DL data 712. In one
aspect, the location of the DMRS may be defined by the
open-loop precoding structure. In another aspect, the lo-
cation and repetition cycle of the DMRS may be pre-de-
fined. For example, referring to FIG. 7B, DMRS pilot sig-
nals may be received at one or more predetermined po-
sitions (e.g., TTI1and TT14). In other words, the location
of the DMRS may be defined by the open-loop precoding
structure. The UE 406 may be informed of the use of the
open-loop precoding structure (e.g., the location of the
DMRS and the repetition cycle of the DMRS) via higher
layer signaling (e.g., RRC signaling). In another aspect,
the control region may include rate matching information
for UL control resource elements. In another aspect, the
control region may include a DL grant for a second TTI.
The DL grant may allocate both control and data regions
associated with the second TTI for DL data reception.
For example, referring to FIG. 7B, in the case of no UL
grantasin TTI 5 (e.g., butwhich does contain a DL grant),
UE3 DL data 712 may be received in the second symbol
of the control region of TTI 5. The UL grant and the DL
grant for TTI 5 being in TTI 1 and/or TTI 4. In a further
aspect, control information in the control region may be
precoded using a pre-defined cycling pattern. The pre-
defined cycling pattern may be based on at least one of
PRB or RE assignments in the control region. For exam-
ple, referring to FIG. 7B, one set of ports (e.g., port A716
and port B 718) may be used when using the open-loop
precoding structure. In the example illustrated in FIG. 7B,
port A 716 and port B 718 may be placed in the first
symbol of each of TTI 1 and TTI 4. The UE control infor-
mation (e.g., for one or more of DL or UL) may use a
precoding cycling pattern known by both the UE 406 and
the eNB 404. In other words, control information in the
control PRB 715 may be precoded using a pre-defined
cycling pattern. In an aspect, the precoded cycling may
be a function of the PRB and REs. In one aspect, the
control region may be allocated to a region approximately
at an end of the first TTI. In an aspect, the control infor-
mation and the DMRS from the first TTI may be used to
assist with demodulation of one or more grants to be
used in a second TTI. The second TTI may immediately
follow the first TTI. For example, referring to FIG. 8A,
resources may be scheduled using an allocation of con-
trol information 806 in slot N to provide a resource grant
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in slot N+1. For example, the allocation of control infor-
mation 806 in TTI slot O provides the resource grant for
ULL PDSCH (uPDSCH) data 810 in TTI slot 1. Similarly,
the allocation of control information 806 in TTI slot 1 may
provide a resource grant for uPDSCH data in a subse-
quent slot notiillustrated in FIG. 8A. The UE 406 may use
open loop precoding to demodulate the uPDSCH data
810 located in the control PRB 802a. The location of the
control information 806 in FIG. 8A may be fixed, and
hence may not be optimized via rate matching.

[0076] At 908, the UE may demodulate control infor-
mation in a second TTI based on the DMRS from the first
TTI. In an aspect, the control information may be used
to provide one or more grants in the second TTI. In an-
other aspect, the second TTI may immediately follow the
first TTI. In an additional aspect, the control information
may be located at approximately a beginning of the sec-
ond TTI. Forexample, referring to FIG. 8B, the DL control
information structure 815 illustrated in FIG. 8B may em-
bed the control information 806 in the same slot TTI as
the uPDSCH data 810 (e.g., at the front of slot 1). The
control information 806 may provide rate matching infor-
mation for the UE 406 to use in decoding the uPDSCH
data 810. Having control information 806 provide rate
matching information may provide the advantage of early
decoding of the uPDSCH data 810 with a reduced uPD-
SCH decoding processing time. The UE 406 may rely on
the DMRS open loop precoding signals 804 from the pre-
vious slot (e.g., TTl slot 0) to perform an early decoding
of the control information 806. In addition, the DL control
information structure 815 illustrated in FIG. 8B may allow
a resource allocation for the uPDSCH data 810 to be
modified to account for a variable number of control
grants. In one aspect, the first TTI may include a second
DMRS. In another aspect, the second DMRS may be
located at approximately a beginning of the first TTI. In
afurtheraspect, the second DMRS may be used to assist
with the demodulation. For example, referring to FIG. 8C,
frontloaded DMRS open loop precoding signals 804 and
control information 806 may be located in slot 1 of sub-
frame 1 (e.g., located in symbols 7 and 8). The front load-
ed DMRS open loop precoding signals 804 and control
information 806 may be used to demodulate the uPDSCH
data 810 located in slot 1 of subframe 1. In an aspect,
the MSC for the uPDSCH data 810 in slot 1 of subframe
1 may be constrained so that the MCS has higher relia-
bility. In addition, slot 1 of subframe 1 may include back-
end DMRS open loop precoding signals 804 and control
information 806 (e.g., located in symbols 12 and 13). The
back-end DMRS open loop precoding signals 804 and
control information 806 may be used to demodulate the
uPDSCH data 810 in slot O of subframe 2. In another
aspect, the first TTI may include a CRS that is used to
assist with the demodulation. For example, referring to
FIG. 8D, the DL control information structure 845 illus-
trated in FIG. 8D may embed the control information 806
in the same slot TTI as the uPDSCH data 810 (e.g., at
the front of slot 1). Additionally and/or alternatively, the
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CRS transmission 812 may be used in demodulation of
uPDSCH data 810. The control information 806 may pro-
vide rate matching information for the UE 406 to use in
decoding the uPDSCH data 810. Having the control in-
formation 806 provide rate matching information may
provide the UE 406 with the advantage of early decoding
of the uPDSCH data 810 with a reduced uPDSCH de-
coding processing time. The UE 406 may rely on the
DMRS open loop precoding signals 804 from the previ-
ous slot (e.g., TTl slot 0) to perform an early decoding of
the control information 806. In addition, the DL control
information structure 845 illustrated in FIG. 8D may allow
a resource allocation for the uPDSCH data 810 to be
modified to account for a variable number of control
grants.

[0077] FIG. 10 is a conceptual data flow diagram 1000
illustrating the data flow between different means/com-
ponents in an exemplary apparatus 1002. The apparatus
may be a UE a UE (e.g., UE 104, 152, 350, 406, the
apparatus 1002/1002’) in communication with an eNB
1050 (e.g., eNB 102, 310, 404, base station 180). The
apparatus may include a reception component 1004, a
demodulation component 1006, and a transmission com-
ponent 1008. The reception component 1004 may re-
ceive content during afirst TTI. In one aspect, the content
may include at least a control region that has one or more
DMRS 1001. In another aspect, the control region may
include one or more DL or UL data grants 1001. In a
further aspect, the one or more DL or UL data grants
1001 may include a first grant associated with a first data
region for the first UE and a second grant associated with
a second data region for a second UE. In one aspect,
the first UE and the second UE may be different. In a
further aspect, one DL grant 1001 or UL data grant 1001
of the one or more DL or UL data grants 1001 may be
mapped to a received DMRS 1001. In one aspect, the
one DL grant or UL grant 1001 may be associated with
one or more data regions. In another aspect, the control
region may include rate matching information for a cor-
responding data region. In a further aspect, a location of
the DMRS 1001 may be defined by either a closed-loop
precoding structure or an open-loop precoding structure.
In a further aspect, a duration of the first TTI may be
shorter than 1 ms. In one aspect, the duration of the first
TTI may be two symbols or one slot. In a first configura-
tion, the location of the DMRS may be defined by the
closed-loop precoding structure. In a further aspect, a
second content of the DMRS 1001 and the location of
the DMRS 1001 may be assigned to the apparatus 1002
based on CSl information 1007 transmitted by transmis-
sion component 1008 to the eNB 1050. In another aspect,
the control region may include a specific UL grant 1001
or DL grant 1001 for the apparatus 1002. In a further
aspect, the apparatus may be configured for MU-MIMO
configurations. In another aspect, the control region may
be shared between the apparatus 1002 and one or more
other apparatuses (e.g., not illustrated in FIG. 10). In one
aspect, the control region may include a first region and
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a second region. The first region may be assigned to the
apparatus thereby allowing the second region to be as-
signedto adifferent UE. In another aspect, the firstregion
may include a DL grant 1001 for apparatus 1002 and the
second region including an UL grant 1001 for the appa-
ratus 1002. In a further aspect, the location of the DMRS
1001 may be an RE which is mapped to a single port. In
one aspect, the control region may include a DL grant
1001 for a second TTI. In another aspect, the DL grant
1001 may allocate both control and data regions associ-
ated with the second TTI for DL data reception. The re-
ception component 1004 may receive DL data 1001 dur-
ing the second TTI. In another aspect, the control region
may include rate matching information 1001 for UL con-
trol REs. In a second configuration, the location of the
DMRS 1001 may be defined by the open-loop precoding
structure. In one aspect, the location and a repetition cy-
cle of the DMRS 1001 may be pre-defined. In another
aspect, controlinformation 1001 in the control region may
be precoded using a pre-defined cycling pattern. In a
further aspect, the pre-defined cycling pattern may be
based on at least one of physical resource block or re-
source element assignments in the control region. In an-
other aspect, the control region may include rate match-
ing information for UL control REs. In addition, the recep-
tion component 1004 may send a signal 1003 associated
with one or more ofthe DMRS, DL grant, UL grant, control
information, and/or DL data to the demodulation compo-
nent 1006. The demodulation component 1006 may de-
modulate the control region based at least on the signal
1003 associated with the DMRS. In addition, the demod-
ulation component 1006 may demodulate the DL data
using the DMRS received in the first TTl. Demodulation
component 1006 and/or reception component 1004 may
send a signal 1005 associated with the UL grant to trans-
mission component 1008. Transmission component
1008 may transmit UL transmissions 1007 to the eNB
1050 based on the UL grant.

[0078] The apparatus may include additional compo-
nents that perform each of the blocks of the algorithm in
the aforementioned flowchart of FIG. 9. As such, each
block in the aforementioned flowchart of FIG. 9 may be
performed by a component and the apparatus may in-
clude one or more of those components. The compo-
nents may be one or more hardware components spe-
cifically configured to carry out the stated processes/al-
gorithm, implemented by a processor configured to per-
formthe stated processes/algorithm, stored within a com-
puter-readable medium for implementation by a proces-
sor, or some combination thereof.

[0079] FIG. 11 is adiagram 1100 illustrating an exam-
ple of a hardware implementation for an apparatus 1002’
employing a processing system 1114. The processing
system 1114 may be implemented with a bus architec-
ture, represented generally by the bus 1124. The bus
1124 may include any number of interconnecting buses
and bridges depending on the specific application of the
processing system 1114 and the overall design con-
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straints. The bus 1124 links together various circuits in-
cluding one or more processors and/or hardware com-
ponents, represented by the processor 1104, the com-
ponents 1004, 1006, 1008, and the computer-readable
medium / memory 1106. The bus 1124 may also link
various other circuits such as timing sources, peripherals,
voltage regulators, and power management circuits,
which are well known in the art, and therefore, will not be
described any further.

[0080] The processing system 1114 may be coupled
to a transceiver 1110. The transceiver 1110 is coupled
to one or more antennas 1120. The transceiver 1110
provides a means for communicating with various other
apparatus over a transmission medium. The transceiver
1110 receives a signal from the one or more antennas
1120, extracts information from the received signal, and
provides the extracted information to the processing sys-
tem 1114, specifically the reception component 1004. In
addition, the transceiver 1110 receives information from
the processing system 1114, specifically the transmis-
sion component 1008, and based on the received infor-
mation, generates a signal to be applied to the one or
more antennas 1120. The processing system 1114 in-
cludes a processor 1104 coupled to a computer-readable
medium / memory 1106. The processor 1104 is respon-
sible for general processing, including the execution of
software stored on the computer-readable medium /
memory 1106. The software, when executed by the proc-
essor 1104, causes the processing system 1114 to per-
form the various functions described supra for any par-
ticular apparatus. The computer-readable medium /
memory 1106 may also be used for storing data that is
manipulated by the processor 1104 when executing soft-
ware. The processing system 1114 further includes at
least one of the components 1004, 1006, 1008. The com-
ponents may be software components running in the
processor 1104, resident/stored in the computer reada-
ble medium / memory 1106, one or more hardware com-
ponents coupled to the processor 1104, or some combi-
nation thereof. The processing system 1114 may be a
component of the UE 350 and may include the memory
360 and/or at least one of the TX processor 368, the RX
processor 356, and the controller/processor 359.
[0081] In one configuration, the apparatus 1002/1002’°
for wireless communication may include means for re-
ceiving, by a first UE, a first content during a first TTI. In
an aspect, the content may include at least a control re-
gion which includes a DMRS. In another aspect, a loca-
tion of the DMRS may be defined by either a closed-loop
precoding structure or an open-loop precoding structure.
In a further aspect, a duration of the first TTI may be
shorterthan 1 ms. Inanother configuration, the apparatus
1002/1002° for wireless communication may include
means for demodulating the control region based at least
onthe DMRS. In an aspect, the control region may further
include one or more DL or UL data grants. In an additional
aspect, theone ormore DL or UL data grants may include
afirst grant associated with a first data region for the first
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UE and a second grant associated with a second data
region for a second UE. In a further aspect, the first UE
and the second UE may be different. Additionally, one
DL or UL data grant of the one or more DL or UL data
grants may be mapped to a received DMRS. In another
aspect, the one DL or UL grant may be associated with
one or more data regions. In another aspect, a DL grant
of the DL or UL grant may be received at approximately
a beginning of the TTI. Still further, an UL grant of the DL
or UL grant may be received at approximately at an end
of the TTI. Moreover, the control region may include rate
matching information for a corresponding data region.
Furthermore, the duration of the first TTI may be two sym-
bols. In another aspect, the duration of the first TTI may
be one slot. Furthermore, the location of the DMRS may
defined by the closed-loop precoding structure. In an ad-
ditional aspect, a second content of the DMRS and the
location of the DMRS may be assigned based on CSI
information from the first UE. In still another aspect, the
control region may include a specific UL or DL grant for
the first UE. In yet another aspect, the first UE may be
configured for MU-MIMO configurations. Still further, the
control region may be shared between the first UE and
one or more other UEs. In yet another aspect, the control
region may include a first region and a second region. In
a further aspect, the first region may be assigned to the
first UE thereby allowing the second region to be as-
signed to a different UE. Additionally, the control region
may include a firstregion and a second region. In another
aspect, the first region may include a DL grant for the
first UE and the second region including an UL grant for
the first UE. In one aspect, the location of the DMRS may
be an RE which may be mapped to a single port. In an-
other aspect, the control region may include a DL grant
for a second TTI. In a further aspect, the DL grant may
allocate both control and data regions associated with
the second TTI for DL data reception. In another config-
uration, the apparatus 1002/1002’ for wireless commu-
nication may include means for receiving DL data during
the second TTI. In a further configuration, the apparatus
1002/1002° for wireless communication may include
means for demodulating the DL data using the DMRS
received in the first TTI. In an aspect, the control region
may include rate matching information for UL control
REs. In another aspect, the location of the DMRS may
be defined by the open-loop precoding structure. In a
further aspect, the location and a repetition cycle of the
DMRS may be pre-defined. In another configuration, the
apparatus 1002/1002’ for wireless communication may
include means for receiving data during a second TTI. In
a further configuration, the apparatus 1002/1002’ for
wireless communication may include means for demod-
ulating the data based on the DMRS received in the first
TTI. In a further aspect, control information in the control
region may be precoded using a pre-defined cycling pat-
tern. In another aspect, the pre-defined cycling pattern
may be based on at least one of physical resource block
or resource element assignments in the control region.

10

15

20

25

30

35

40

45

50

55

15

In a further aspect, the control region may include a DL
grant for a second TTI, the DL grant allocating both con-
trol and data regions associated with the second TTI for
DL data reception. In another configuration, the appara-
tus 1002/1002° for wireless communication include
means for receiving data during the second TTI. In an
aspect, the control region may include rate matching in-
formation for UL control resource elements. In a further
aspect, the control region may be allocated to a region
approximately at an end of the first TTI. In an aspect,
control information and the DMRS from the first TTI are
used to assist with demodulation of one or more grants
to be used in a second TTI, the second TTl immediately
follows the first TTI. In another aspect, the first TT| further
may include a second DMRS, the second DMRS being
located at approximately a beginning of the first TTI. In
afurther aspect, the second DMRS may be used to assist
with demodulation. In another configuration, the appara-
tus 1002/1002’ for wireless communication may include
means for demodulating control information in a second
TTI based on the DMRS from the first TTI, the control
information may be used to provide one or more grants
in the second TTI, the second TTI immediately follows
the first TTI, and the control information being located at
approximately a beginning of the second TTI. In an as-
pect, the first TTI further may include a CRS. In a further
aspect, the CRS may be used to assist with the demod-
ulation. The aforementioned means may be one or more
of the aforementioned components of the apparatus
1002 and/or the processing system 1114 of the appara-
tus 1002’ configured to perform the functions recited by
the aforementioned means. As described supra, the
processing system 1114 may include the TX Processor
368, the RX Processor 356, and the controller/processor
359. As such, in one configuration, the aforementioned
means may be the TX Processor 368, the RX Processor
356, and the controller/processor 359 configured to per-
form the functions recited by the aforementioned means.
[0082] It is understood that the specific order or hier-
archy of blocks in the processes / flowcharts disclosed
is an illustration of exemplary approaches. Based upon
design preferences, it is understood that the specific or-
der or hierarchy of blocks in the processes / flowcharts
may be rearranged. Further, some blocks may be com-
bined or omitted.

[0083] The previous description is provided to enable
any person skilled in the art to practice the various as-
pects described herein.

Claims

1. A method of wireless communication executed by a
user equipment, UE (406), in a wireless network
comprising a base station, (404), wherein the meth-

od comprises:

receiving, from the base station, a slow grant
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comprising information that indicates a demod-
ulation reference signal, DMRS, configuration
to be used by the base station during commu-
nication with the UE;

receiving (902), from the base station, in a first
transmission time interval, TTI, having a dura-
tion shorter than 1ms a control region that in-
cludes a DMRS for demodulating the control re-
gion, wherein the control region further compris-
es one or more downlink, DL, grants or uplink,
UL, data grants that provide a mapping between
the control region and one or more data regions,
wherein the mapping between the control region
and the one or more data regions is dependent
upon the location of the time-frequency resourc-
es within the control region that are used to carry
the DMRS pilot signals, the location of the time-
frequency resources within the control region
being based on whether open-loop pre-coding
or closed-loop precoding is used, so that the lo-
cation of the DMRS pilot signals varies depend-
ing upon whether open-loop precoding or closed
loop precoding is used when transmitted by the
base station;

demodulating (904) the control region based at
least on the DMRS.

The method of claim 1, wherein the one or more DL
grants or UL data grants include a first grant mapped
with a first data region for the first UE and a second
grantmapped with a second data region for a second
UE, the first UE and the second UE being different.

The method of claim 2, wherein one DL grant or one
UL data grant of the one or more DL grants or UL
data grants is mapped to a received DMRS.

The method of claim 3, wherein the one DL grant or
the one UL grant is mapped with one or more of the
data regions.

The method of claim 1, wherein the control region
includes rate matching information for a correspond-
ing data region of the one or more data regions, or
wherein the duration of the first TTI is two symbols
or one slot.

The method of claim 1, wherein when the location
ofthe DMRS is defined by the closed loop precoding
structure the control region includes a specific uplink,
UL, grant or a downlink, DL, grant for the first UE, or
wherein the first UE is configured for multi-user mul-
tiple input multiple output, MU-MIMO, configura-
tions, and wherein the control region is shared be-
tween the first UE and one or more other UEs, or
wherein the control region includes a firstregion and
a second region, the first region being assigned to
the first UE and the second region being assigned
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to a different UE, or wherein the control region in-
cludes a first region and a second region, the first
region including a downlink, DL, grant for the first UE
and the second region including an uplink, UL, grant
for the first UE, or wherein the location of the DMRS
is a resource element which is mapped to a single
port, or wherein the control region includes rate
matching information for UL control resource ele-
ments.

The method of claim 1, wherein when the location
of the DMRS is defined by the closed loop precoding
structure, the control region includes a downlink, DL,
grant for a second TTI, the DL grant allocating both
control and data regions associated with the second
TTI for DL data reception, and the method further
comprising:

receiving DL data during the second TTI; and
demodulating the DL data using the DMRS re-
ceived in the first TTI.

The method of claim 1, wherein when the location
of the DMRS is defined by the open loop precoding
structure the location of the DMRS and a repetition
cycle of the DMRS is pre-defined.

The method of claim 1, wherein when the location
of the DMRS is defined by the open loop precoding
structure, further comprising:

receiving data during a second TTI; and
demodulating the data based on the DMRS re-
ceived in the first TTI.

The method of claim 9, wherein control information
in the control region is precoded using a pre-defined
cycling pattern.

The method of claim 1, wherein when the location
of the DMRS is defined by the open loop precoding
structure, the control region includes a downlink, DL,
grant for a second TTI, the DL grant allocating both
control and data regions associated with the second
TTI for DL data reception, and the method further
comprising:

receiving DL data during the second TTI, or wherein
the control region includes rate matching information
for UL control resource elements.

An apparatus for wireless communication, compris-
ing:

means arranged to perform the steps of any one of
claims 1 to 11.

A computer-readable storage medium comprising
instructions which, when executed by a computer,
cause the computer to carry out the steps of any one
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of claims 1 to 11.

Patentanspriiche

1.

Ein Verfahren zur drahtlosen Kommunikation, das
von einer Benutzereinrichtung, UE (406), in einem
drahtlosen Netzwerk ausgefiihrt wird, das eine Ba-
sisstation (404) umfasst, wobei das Verfahren Fol-
gendes aufweist:

Empfangen eines Slow Grant bzw. einer lang-
samen Zuweisung von der Basisstation, der In-
formationen aufweist, die eine Demodulations-
referenzsignalkonfiguration (DMRS) angeben,
die von der Basisstation wahrend der Kommu-
nikation mit der UE zu verwenden ist;
Empfangen (902), von der Basisstation, in ei-
nem ersten Ubertragungszeitintervall, TTI, mit
einer Dauer kirzer als 1 ms, einer Steuerregion,
die ein DMRS zum Demodulieren der Steuerre-
gion enthalt, wobei die Steuerregion ferner eine
oder mehrere Abwartsstrecken-, DL-, Zuwei-
sungen oder Aufwartsstrecken-, UL-, Datenzu-
weisungen aufweist, die eine Abbildung zwi-
schen der Steuerregion und einer oder mehre-
ren Datenregionen bereitstellen, wobei die Ab-
bildung zwischen der Steuerregion und der ei-
nen oder den mehreren Datenregionen von der
Lage der Zeit-Frequenz-Ressourcen innerhalb
der Steuerregion abhangt, die verwendet wer-
den, um die DMRS-Pilotsignale zu Gbertragen,
wobei die Lage der Zeit-Frequenz-Ressourcen
innerhalb der Steuerregion daraufbasiert, ob ei-
ne Open-Loop-Vorcodierung oder eine Closed-
Loop-Vorcodierung verwendet wird, so dass die
Lage der DMRS-Pilotsignale in Abhangigkeit
davon variiert, ob eine Open-Loop-Vorcodie-
rung oder eine Closed-Loop-Vorcodierung ver-
wendet wird, wenn sie von der Basisstation
Ubertragen werden;

Demodulieren (904) des Kontrollbereichs zu-
mindest auf der Grundlage des DMRS.

Verfahren nach Anspruch 1, wobei die eine oder
mehreren DL-Zuteilungen oder UL-Daten-Zuteilun-
gen eine erste Zuteilung, die einer ersten Datenre-
gion fir die erste UE zugeordnet ist, und eine zweite
Zuteilung, die einer zweiten Datenregion fir eine
zweite UE zugeordnetist, aufweisen, wobei die erste
UE und die zweite UE unterschiedlich sind.

Verfahren nach Anspruch 2, wobei eine DL-Zutei-
lung oder eine UL-Datenzuteilung der einen oder
mehreren DL-Zuteilungen oder UL-Datenzuteilun-
gen auf eine empfangene DMRS abgebildet wird.

Verfahren nach Anspruch 3, wobei die eine DL-Zu-
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teilung oder die eine UL-Zuteilung auf eine oder
mehrere der Datenregionen abgebildet wird.

Verfahren nach Anspruch 1, wobei die Steuerregion
Ratenanpassungsinformationen flir eine entspre-
chende Datenregion der einen oder mehreren Da-
tenregionen enthalt, oder wobei die Dauer der ersten
TTI zwei Symbole oder einen Schlitz betragt.

Verfahren nach Anspruch 1, wobei, wenn der Ort der
DMRS durch die Closed-Loop-Vorcodierungsstruk-
tur definiert ist, die Steuerregion eine spezifische
Uplink-, UL-, Zuteilung oder eine Downlink-, DL-, Zu-
teilung fiir die erste UE enthalt, oder wobei die erste
UE fur Multi-User-Multiple-Input-Multiple-Output-,
MU-MIMO-, Konfigurationen konfiguriert ist, und wo-
bei die Steuerregion zwischen der ersten UE und
einer oder mehreren anderen UEs geteilt wird, oder
wobei die Steuerregion eine erste Region und eine
zweite Region enthalt, wobei die erste Region der
ersten UE zugewiesen ist und die zweite Region ei-
neranderen UE zugewiesen ist, oder wobei die Steu-
erregion eine erste Region und eine zweite Region
enthalt, wobei die erste Region eine Abwartsstre-
cken-, DL-, Zuteilung fur die erste UE enthalt und die
zweite Region eine Aufwartsstrecken-, UL-, Zutei-
lung fiir die erste UE enthalt, oder wobei der Ort des
DMRS ein Ressourcenelementist, das auf einen ein-
zelnen Port abgebildet wird, oder wobei die Steuer-
region Ratenanpassungsinformationen fiir UL-Steu-
erressourcenelemente enthalt.

Verfahren nach Anspruch 1, wobei, wenn der Ort der
DMRS durch die Closed-Loop-Vorcodierungsstruk-
tur definiert ist, die Steuerregion eine Abwartsstre-
cken-, DL-, Zuteilung fiir eine zweite TTI enthalt, wo-
beidie DL-Zuteilung sowohl Steuer- als auch Daten-
regionen, die mit der zweiten TTI verbunden sind,
fur den DL-Datenempfang zuweist, und wobei das
Verfahren ferner aufweist:

Empfangen von DL-Daten wahrend des zweiten
TTls; und

Demodulieren der DL-Daten unter Verwendung
der in der ersten TTL empfangenen DMRS.

Verfahren nach Anspruch 1, wobei, wenn der Ort der
DMRS durch die Open-Loop-Vorcodierungsstruktur
definiert wird, der Ort der DMRS und ein Wiederho-
lungszyklus der DMRS vordefiniert ist.

Verfahren nach Anspruch 1, wobei, wenn der Ort der
DMRS durch die Open-Loop-Vorcodierungsstruktur
definiert ist, ferner Folgendes vorgesehen ist

Empfangen von Daten wahrend eines zweiten
TTI; und
Demodulieren der Daten auf der Grundlage der
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in der ersten TTL empfangenen DMRS

Verfahren nach Anspruch 9, wobei Steuerinformati-
onen in der Steuerregion unter Verwendung eines
vordefinierten Zyklusmusters vorkodiert werden.

Verfahren nach Anspruch 1, wobei, wenn der Ort der
DMRS durch die Open-Loop-Vorcodierungsstruktur
definiert ist, die Steuerregion eine Down-Link-, DL-,
Zuteilung fir eine zweite TTI enthalt, wobei die DL-
Zuteilung sowohl Steuer- als auch Datenregionen,
die mit der zweiten TTI verbunden sind, fiir den DL-
Datenempfang zuweist, und wobei das Verfahren
ferner Folgendes aufweist:

Empfangen von DL-Daten wahrend des zweiten TTI,
oder wobei der Steuerbereich Ratenanpassungsin-
formationen flr UL-Steuerressourcenelemente ent-
halt.

Vorrichtung fir drahtlose Kommunikation, die Fol-
gendes aufweist:

Mittel, die eingerichtet sind, um die Schritte nach ei-
nem der Anspriiche 1 bis 11 auszufiihren.

Ein computerlesbares Speichermedium, das Fol-
gendes aufweist

Anweisungen, die, wenn sie von einem Computer
ausgefiihrt werden, den Computer veranlassen, die
Schritte nach einem der Anspriiche 1 bis 11 auszu-
fuhren.

Revendications

Procédé de communication sans fil exécuté par un
équipement d’utilisateur, UE (406), dans un réseau
sans fil comprenant une station de base, (404), dans
lequel le procédé comprend :

une réception, a partir de la station de base, d’'un
octroi lent comprenant des informations qui in-
diquentune configuration de signal de référence
de démodulation, DMRS, devant étre utilisée
par la station de base pendant une communica-
tion avec 'UE ;

une réception (902), a partir de la station de ba-
se, dans un premier intervalle de temps de trans-
mission, TTI, présentant une durée plus courte
que 1 ms, d’une région de commande qui inclut
un DMRS pour une démodulation de la région
de commande, dans lequel la région de com-
mande comprend en outre un ou plusieurs oc-
trois de liaison descendante, DL, ou octrois de
données de liaison montante, UL, qui fournis-
sent un mappage entre la région de commande
et une ou plusieurs régions de données, dans
lequel le mappage entre larégion de commande
et les une ou plusieurs régions de données dé-
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pend de I'emplacement des ressources temps-
fréquence au sein de la région de commande
qui sont utilisées pour porter les signaux pilotes
DMRS, I'emplacement des ressources temps-
fréquence au sein de la région de commande
étant basé sur une utilisation d’un précodage en
boucle ouverte ou d’'un précodage en boucle fer-
mée, de sorte que 'emplacement des signaux
pilotes DMRS varie en fonction du fait qu’un pré-
codage en boucle ouverte ou un précodage en
boucle fermée a été utilisé lors de la transmis-
sion par la station de base ;

une démodulation (904) de la région de commande
sur la base au moins du DMRS.

Procédé selon la revendication 1, dans lequel les un
ou plusieurs octrois DL ou octrois de données UL
incluent un premier octroi mappé avec une premiére
région de données pour le premier UE et un second
octroi mappé avec une seconde région de données
pour un second UE, le premier UE et le second UE
étant différents.

Procédé selon la revendication 2, dans lequel un oc-
troi DL ou un octroi de données UL des un ou plu-
sieurs octrois DL ou octrois de données UL est map-
pé a un DMRS regu.

Procédé selon larevendication 3, dans lequel I'octroi
DL ou l'octroi UL est mappé avec une ou plusieurs
des régions de données.

Procédé selon la revendication 1, dans lequel la ré-
gion de commande inclut des informations d’adap-
tation de débit pour une région de données corres-
pondante des une ou plusieurs régions de données
ou dans lequel la durée du premier TTI est de deux
symboles ou d’un créneau.

Procédé selon la revendication 1, dans lequel lors-
que I'emplacement du DMRS est défini par la struc-
ture de précodage en boucle fermée, la région de
commande inclut un octroi de liaison montante, UL,
ou un octroi de liaison descendante, DL, spécifique
pour le premier UE, ou dans lequel le premier UE
est configuré pour des configurations multi-utilisa-
teurs a entrées multiples et sorties multiples, MU-
MIMO, et dans lequel la région de commande est
partagée entre le premier UE et un ou plusieurs
autres UE, ou dans lequel la région de commande
inclut une premiére région et une seconde région, la
premiere région étant attribuée au premier UE et la
seconde région étant attribuée a un UE différent, ou
dans lequel la région de commande inclut une pre-
miere région et une seconde région, la premiere ré-
gion incluant un octroi de liaison descendante, DL,
pour le premier UE et la seconde région incluant un
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octroi de liaison montante, UL, pour le premier UE,
ou dans lequel 'emplacement du DMRS est un élé-
ment de ressource qui est mappé a un seul port, ou
dans lequel la région de commande inclut des infor-
mations d’adaptation de débit pour des éléments de
ressources de commande UL.

Procédé selon la revendication 1, dans lequel lors-
que I'emplacement du DMRS est défini par la struc-
ture de précodage en boucle fermée, la région de
commande inclut un octroi de liaison descendante,
DL, pour un second TTI, l'octroi DL affectant des
régions de commande et de données associées au
second TTI pour une réception de données DL, et
le procédé comprenant en outre :

une réceptionde données DL pendantle second
TTI; et

une démodulation des données DL en utilisant
le DMRS regu dans le premier TTI.

Procédé selon la revendication 1, dans lequel lors-
que I'emplacement du DMRS est défini par la struc-
ture de précodage en boucle ouverte, 'emplacement
du DMRS et un cycle de répétition du DMRS sont
prédéfinis.

Procédé selon la revendication 1, dans lequel lors-
que I'emplacement du DMRS est défini par la struc-
ture de précodage en boucle ouverte, comprenant
en outre :

une réception de données pendant un second
TTI; et

une démodulation des données sur la base du
DMRS recgu dans le premier TTI.

Procédé selon la revendication 9, dans lequel des
informations de commande dans la région de com-
mande sont précodées en utilisant un motif d’itéra-
tion prédéfini.

Procédé selon la revendication 1, dans lequel lors-
que I'emplacement du DMRS est défini par la struc-
ture de précodage en boucle ouverte, la région de
commande inclut un octroi de liaison descendante,
DL, pour un second TTI, l'octroi DL attribuant des
régions de commande et de données associées au
second TTI pour une réception de données DL, et
le procédé comprenant en outre :

uneréceptionde données DL pendantle second TTI,
ou dans lequel la région de commande inclut des
informations d’adaptation de débit pour des élé-
ments de ressources de commande UL.

Appareil de communication sans fil, comprenant :
un moyen agencé pour réaliser le procédé selon
'une quelconque des revendications 1 a 11.
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13. Support de stockage lisible par ordinateur compre-

nantdes instructions qui, lorsqu’elles sontexécutées
par un ordinateur, amenent'ordinateur a réaliser les
étapes selon I'une quelconque des revendications 1
a11.
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