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Description

BACKGROUND

[0001] Described herein are aspects generally related
to communication systems, and more particularly, to pro-
viding wireless communication channels.
[0002] 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 (e.g., bandwidth, transmit power). Ex-
amples of such multiple-access technologies include
code division multiple access (CDMA) systems, time di-
vision multiple access (TDMA) systems, frequency divi-
sion multiple access (FDMA) systems, orthogonal fre-
quency division multiple access (OFDMA) systems, sin-
gle-carrier frequency division multiple access (SC-FD-
MA) systems, and time division synchronous code divi-
sion multiple access (TD-SCDMA) systems.
[0003] 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 of a telecommuni-
cation standard is Long Term Evolution (LTE). LTE is a
set of enhancements to the Universal Mobile Telecom-
munications System (UMTS) mobile standard promul-
gated by Third Generation Partnership Project (3GPP).
It is designed to better support mobile broadband Internet
access by improving spectral efficiency, lower costs, im-
prove services, make use of new spectrum, and better
integrate with other open standards using OFDMA on
the downlink (DL), SC-FDMA on the uplink (UL), and mul-
tiple-input multiple-output (MIMO) antenna technology.
However, as the demand for mobile broadband access
continues to increase, further improvements in LTE tech-
nology may be desired. Preferably, these improvements
should be applicable to other multi-access technologies
and the telecommunication standards that employ these
technologies.
[0004] In wireless communication systems employing
legacy LTE, a plurality of UEs served by a particular eN-
odeB may be scheduled with resources for communicat-
ing with the eNodeB over one or more channels using
transmission time intervals (TTI) on the order of a 1 mil-
lisecond subframe. As UE capabilities and demand for
bandwidth increases, lower latency in communications
may be desired.
[0005] "Dense Small-Cell Networks: Rethinking the
Radio Interface Beyond LTE-Advanced" Toni Levanen
et al. and "Radio Interface Evolution Towards 5G and
Enhanced Local Area Communications" by Toni A. Le-
vanen et al. discuss physical layer design aspects of a
wireless communication system referred to as 5GETLA.

SUMMARY

[0006] The invention is defined and limited by the
scope of appended claims 1-15. In the following descrip-
tion, any embodiment(s) referred to and not falling within
the scope of the appended claims, is (are) merely exam-
ple(s) useful to the understanding of the invention.
[0007] 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. Its sole
purpose is to present some concepts of one or more as-
pects in a simplified form as a prelude to the more detailed
description that is presented later.
[0008] According to an example, a method for commu-
nicating using a configurable bandwidth is provided. The
method includes receiving, at a user equipment (UE), a
control channel from a serving evolved Node B (eNB),
wherein the control channel includes a resource grant
indicating a bandwidth and a start indicator for an uplink
shared data channel, and transmitting, by the UE, data
in the uplink shared data channel over the bandwidth and
during a duration from the start indicator to an end of a
corresponding subframe.
[0009] In another example, an apparatus for commu-
nicating using a configurable bandwidth is provided. The
apparatus includes a transceiver, a memory, and at least
one processor communicatively coupled with the trans-
ceiver and the memory. The at least one processor is
configured to receive a control channel from a serving
evolved Node B (eNB), wherein the control channel in-
cludes a resource grant indicating a bandwidth and a
start indicator for an uplink shared data channel, and
transmit data in the uplink shared data channel over the
bandwidth and during a duration from the start indicator
to an end of a corresponding subframe.
[0010] In another example, an apparatus for commu-
nicating using a configurable bandwidth is provided. The
apparatus includes means for receiving a control channel
from a serving evolved Node B (eNB), wherein the control
channel includes a resource grant indicating a bandwidth
and a start indicator for an uplink shared data channel,
and means for transmitting data in the uplink shared data
channel over the bandwidth and during a duration from
the start indicator to an end of a corresponding subframe.
[0011] In a further example, computer-readable medi-
um storing computer executable code for communicating
using a configurable bandwidth is provided. The code
includes code for receiving a control channel from a serv-
ing evolved Node B (eNB), wherein the control channel
includes a resource grant indicating a bandwidth and a
start indicator for an uplink shared data channel, and
code for transmitting data in the uplink shared data chan-
nel over the bandwidth and during a duration from the
start indicator to an end of a corresponding subframe.
[0012] In other aspects, a method for communicating
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using a configurable bandwidth is provided. The method
includes receiving, at a UE, a control channel from a serv-
ing eNB, wherein the control channel includes a resource
grant for an uplink shared data channel including a
number of resource block groups starting from a starting
resource block group in an allocation space, wherein the
allocation space includes a plurality of resource block
groups in a frequency domain over a plurality of symbols
in a time domain, and transmitting, by the UE, data in the
uplink shared data channel starting from the starting re-
source block group in the allocation space and continuing
through the number of resource block groups in the al-
location space over the frequency domain first and over
the time domain second.
[0013] In another example, an apparatus for commu-
nicating using a configurable bandwidth is provided. The
apparatus includes a transceiver, a memory, and at least
one processor communicatively coupled with the trans-
ceiver and the memory. The at least one processor is
configured to receive a control channel from a serving
eNB, wherein the control channel includes a resource
grant for an uplink shared data channel including a
number of resource block groups starting from a starting
resource block group in an allocation space, wherein the
allocation space includes a plurality of resource block
groups in a frequency domain over a plurality of symbols
in a time domain, and transmit data in the uplink shared
data channel starting from the starting resource block
group in the allocation space and continuing through the
number of resource block groups in the allocation space
over the frequency domain first and over the time domain
second.
[0014] In another example, an apparatus for commu-
nicating using a configurable bandwidth is provided. The
apparatus includes means for receiving a control channel
from a serving eNB, wherein the control channel includes
a resource grant for an uplink shared data channel in-
cluding a number of resource block groups starting from
a starting resource block group in an allocation space,
wherein the allocation space includes a plurality of re-
source block groups in a frequency domain over a plu-
rality of symbols in a time domain, and means for trans-
mitting data in the uplink shared data channel starting
from the starting resource block group in the allocation
space and continuing through the number of resource
block groups in the allocation space over the frequency
domain first and over the time domain second.
[0015] In a further example, computer-readable medi-
um storing computer executable code for communicating
using a configurable bandwidth is provided. The code
includes code for receiving a control channel from a serv-
ing eNB, wherein the control channel includes a resource
grant for an uplink shared data channel including a
number of resource block groups starting from a starting
resource block group in an allocation space, wherein the
allocation space includes a plurality of resource block
groups in a frequency domain over a plurality of symbols
in a time domain, and code for transmitting data in the

uplink shared data channel starting from the starting re-
source block group in the allocation space and continuing
through the number of resource block groups in the al-
location space over the frequency domain first and over
the time domain second.
[0016] In another example, a method for communicat-
ing using a configurable bandwidth is provided. The
method includes receiving, at a UE, a control channel
from a serving eNB, wherein the control channel includes
a resource grant indicating a bandwidth and a start indi-
cator for an uplink control channel, and transmitting, by
the UE, control data in the uplink control channel over
the bandwidth and during a duration from the start indi-
cator to an end of a corresponding subframe.
[0017] In another example, an apparatus for commu-
nicating using a configurable bandwidth is provided. The
apparatus includes a transceiver, a memory, and at least
one processor communicatively coupled with the trans-
ceiver and the memory. The at least one processor is
configured to receive a control channel from a serving
eNB, wherein the control channel includes a resource
grant indicating a bandwidth and a start indicator for an
uplink control channel, and transmit control data in the
uplink control channel over the bandwidth and during a
duration from the start indicator to an end of a corre-
sponding subframe.
[0018] In a further example, an apparatus for commu-
nicating using a configurable bandwidth is provided. The
apparatus includes means for receiving a control channel
from a serving eNB, wherein the control channel includes
a resource grant indicating a bandwidth and a start indi-
cator for an uplink control channel, and means for trans-
mitting control data in the uplink control channel over the
bandwidth and during a duration from the start indicator
to an end of a corresponding subframe.
[0019] In another example, computer-readable medi-
um storing computer executable code for communicating
using a configurable bandwidth is provided. The code
includes code for receiving a control channel from a serv-
ing eNB, wherein the control channel includes a resource
grant indicating a bandwidth and a start indicator for an
uplink control channel, and code for transmitting control
data in the uplink control channel over the bandwidth and
during a duration from the start indicator to an end of a
corresponding subframe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In order to facilitate a fuller understanding of
aspects described herein, reference is now made to the
accompanying drawings, in which like elements are ref-
erenced with like numerals. These drawings should not
be construed as limiting the present disclosure, but are
intended to be illustrative only.

FIG. 1 shows a block diagram conceptually illustrat-
ing an example of a telecommunications system, in
accordance with aspects described herein.
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FIG. 2 is a diagram illustrating an example of an ac-
cess network.
FIG. 3 is a diagram illustrating an example of an
evolved Node B and user equipment in an access
network.
FIG. 4 is a diagram illustrating an example of time-
lines for ultra low latency (ULL) bandwidth allocation.
FIG. 5 is a diagram illustrating an example of fre-
quency division multiplexing (FDM) and time division
multiplexing (TDM) allocation spaces for uplink
channel allocation in accordance with aspects de-
scribed herein.
FIG. 6 is a diagram illustrating an example of TDM
allocation spaces for uplink shared data channel and
uplink control channel resource allocations in ac-
cordance with aspects described herein.
FIG. 7 is a diagram illustrating an example of a TDM
allocation space for uplink shared data channel and
uplink control channel resource allocations having
an early and late bandwidth allocation in accordance
with aspects described herein.
FIG. 8 is a diagram illustrating an example of a sys-
tem for communicating over channels defined in a
ULL wireless communication technology in accord-
ance with aspects described herein.
FIG. 9 is a flow chart of an example of a method for
communicating over a FDM shared uplink data chan-
nel resource allocation in accordance with aspects
described herein.
FIG. 10 is a flow chart of an example of a method
for scheduling FDM shared uplink data channel re-
sources in accordance with aspects described here-
in.
FIG. 11 is a flow chart of an example of a method
for communicating over a TDM shared uplink data
channel resource allocation in accordance with as-
pects described herein.
FIG. 12 is a flow chart of an example of a method
for scheduling TDM shared uplink data channel re-
sources in accordance with aspects described here-
in.
FIG. 13 is a flow chart of an example of a method
for communicating over an uplink control channel
resource allocation in accordance with aspects de-
scribed herein.
FIG. 14 is a flow chart of an example of a method
for scheduling uplink control channel resources in
accordance with aspects described herein.

DETAILED DESCRIPTION

[0021] 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
a thorough 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.
[0022] Several aspects of telecommunication systems
will now 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,
modules, components, circuits, steps, processes, algo-
rithms, etc. (collectively referred to as "elements"). These
elements may be implemented using electronic hard-
ware, computer software, or any combination thereof.
Whether such elements are implemented as hardware
or software depends upon the particular application and
design constraints imposed on the overall system.
[0023] By way of example, an element, or any portion
of an element, or any combination of elements may be
implemented with a "processing system" that includes
one or more processors. Examples of processors include
microprocessors, microcontrollers, digital signal proces-
sors (DSPs), field programmable gate arrays (FPGAs),
programmable logic devices (PLDs), state machines,
gated logic, discrete hardware circuits, and other suitable
hardware configured to perform the various functionality
described throughout this disclosure. One or more proc-
essors in the processing system may execute software.
Software shall be construed broadly to mean instructions,
instruction sets, code, code segments, program code,
programs, subprograms, software modules, 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.
[0024] Accordingly, in one or more aspects, the func-
tions described may be implemented in hardware, soft-
ware, firmware, or any combination thereof. If implement-
ed in software, the functions may be stored on or encoded
as one or more instructions or code on a computer-read-
able medium. Computer-readable media includes com-
puter storage media. Storage media may be any availa-
ble media that can be accessed by a computer. By way
of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM
or other optical disk storage, magnetic disk storage or
other magnetic storage devices, or any other medium
that can be used to carry or store desired program code
in the form of instructions or data structures and that can
be accessed by a computer. Disk and disc, as used here-
in, includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), and floppy disk where disks
usually reproduce data magnetically, while discs repro-
duce data optically with lasers. Combinations of the
above should also be included within the scope of com-
puter-readable media.
[0025] Described herein are various aspects related to
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providing communication channels in an ultra low latency
(ULL) communication technology. For example, a ULL
communication technology may be based on a legacy
wireless communication technology, such as third gen-
eration partnership project (3GPP) long term evolution
(LTE), but may utilize different length transmission time
intervals (TTI) (e.g., the ULL communication technology
may have a shorter TTI duration than the legacy com-
munication technology). For example, a legacy LTE tech-
nology may utilize a TTI having a duration of a subframe
defined in LTE (e.g., 1 millisecond), where an ultra low
latency (ULL) LTE technology can be based on a TTI
having a duration less than a subframe (e.g., one symbol,
two symbols, a subframe slot, etc.). In this regard, a lower
latency in communications is achieved by the shorter,
more frequent TTI. Various communication channels can
be provided for ULL communication technologies, includ-
ing a ULL physical uplink control channel (uPUCCH) for
communicating control data over an uplink (e.g., from a
user equipment (UE) to an evolved Node B (eNB) or other
network node), a ULL physical uplink shared channel
(uPUSCH) for communicating traffic data over the uplink
(where an allocation space for the uPUSCH may include
resources for multiple UEs and is accordingly "shared"),
etc. In an example, an eNB can allocate and assign re-
sources over an allocation space to one or more UEs to
facilitate communications over the ULL uplink channels.
[0026] For example, the ULL uplink channels can be
provided in a frequency division multiplexing (FDM)/fre-
quency division duplexing (FDD) configuration and/or a
time division multiplexing (TDM)/time division duplexing
(TDD) configuration. It is to be appreciated that where
FDD and TDD are referred to herein, the functions de-
scribed herein can be similarly applied to FDM and TDM,
and vice versa. In an example, in FDM, a portion of fre-
quency resources (e.g., resource blocks) in an allocation
space can be divided in time and may include downlink
communications, which may be followed by a guard pe-
riod (where no resources are allocated), followed by al-
locations for uplink communications to the end of a sub-
frame, and may vary for a given UE in frequency. An
allocation space can refer to a portion of frequency over
a portion of time (e.g., a system bandwidth, such as 20
megahertz (MHz) in LTE and/or one or more correspond-
ing resource blocks over one or more orthogonal frequen-
cy division multiplexing (OFDM) or single carrier
(SC)-FDM symbols, such as a subframe in LTE). Thus,
the allocations can be dynamic such that in FDM, a start
indicator can be included in a resource grant to indicate
a beginning portion of time (e.g., a symbol) for uPUSCH.
In another example, in TDM, each portion of time (e.g.,
a symbol) in the allocation space can be divided in fre-
quency such that resources are sequentially assigned in
frequency first and in time second. In one example, a
plurality of consecutive symbols including a first symbol
in a subframe can be allocated for downlink communica-
tions, which may be followed by one or more symbols of
a guard period, followed by uPUSCH allocation (e.g., to

the end of the subframe). In this example, a start indicator
and an end indicator for the uPUSCH allocation can be
included in the resource grant, where the start indicator
specifies a resource block (e.g., a portion of frequency
in a period of time) where the uPUSCH allocation for the
UE begins, and the end indicator specifies a last resource
block of the uPUSCH allocation.
[0027] In addition, for example, a portion of frequency
in an allocation space can be divided in time to include
downlink communications, which may be followed by a
guard period, followed by one or more periods of time to
the end of a subframe where at least a portion of the one
or more periods of time can include a uPUCCH allocation
over a portion of the frequency. For example, the portion
of the frequency can include a first portion and a last
portion of the frequency (e.g., a first portion of a first re-
source block in frequency and a last portion of a last
resource block in the frequency) over the portion of the
one or more periods of time (e.g., a portion of one or
more OFDM or SC-FDM symbols). In this example, the
uPUCCH resource grant can include a start indicator
identifying the period of time over which the uPUCCH
allocation begins and/or an indicator of one or more fre-
quency resources for the uPUCCH allocation. In an ex-
ample, the portion of the one or more periods of time can
also be used for uPUSCH allocations in the portions of
frequency that are not allocated for uPUCCH. Moreover,
for example, the uPUCCH allocation may include multiple
uPUCCH resources in the allocation space separated in
time, the first of which may be referred to as an early
bandwidth (as it occurs in time before the second band-
width of uPUCCH resources in the allocation space), and
may include more time sensitive control data, such as
hybrid automatic repeat/request (HARQ) feedback.
[0028] Referring first to FIG. 1, a diagram illustrates an
example of a wireless communications system 100, in
accordance with aspects described herein. The wireless
communications system 100 includes a plurality of ac-
cess points (e.g., base stations, eNBs, or WLAN access
points) 105, a number of user equipment (UEs) 115, and
a core network 130. Access points 105 may include a
scheduling component 302 configured to allocate re-
sources for communicating with UEs 115 over one or
more channels using a ULL communication technology.
Similarly, one or more of UEs 115 may include a com-
municating component 361 configured to communicate
with one or more access points 105 over one or more
channels using the ULL communication technology (e.g.,
ULL LTE). Some of the access points 105 may commu-
nicate with the UEs 115 under the control of a base station
controller (not shown), which may be part of the core
network 130 or the certain access points 105 (e.g., base
stations or eNBs) in various examples. Access points
105 may communicate control information and/or user
data with the core network 130 through backhaul links
132. In examples, the access points 105 may communi-
cate, either directly or indirectly, with each other over
backhaul links 134, which may be wired or wireless com-
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munication links. The wireless communications system
100 may support operation on multiple carriers (wave-
form signals of different frequencies). Multi-carrier trans-
mitters can transmit modulated signals simultaneously
on the multiple carriers. For example, each communica-
tion link 125 may be a multi-carrier signal modulated ac-
cording to the various radio technologies described
above. Each modulated signal may be sent on a different
carrier and may carry control information (e.g., reference
signals, control channels, etc.), overhead information,
data, etc.
[0029] In some examples, at least a portion of the wire-
less communications system 100 may be configured to
operate on multiple hierarchical layers in which one or
more of the UEs 115 and one or more of the access points
105 may be configured to support transmissions on a
hierarchical layer that has a reduced latency with respect
to another hierarchical layer. In some examples, a hybrid
UE 115-a may communicate with access point 105-a on
both a first hierarchical layer that supports first layer
transmissions using a first TTI (which may relate to a
"legacy communication technology") and a second hier-
archical layer that supports second layer transmissions
using a second TTI, which may be shorter than the first
TTI (which may relate to a "ULL communication technol-
ogy").
[0030] In other examples, a second layer UE 115-b
may communicate with access point 105-b on the second
hierarchical layer only. Thus, hybrid UE 115-a and sec-
ond layer UE 115-b may belong to a second class of UEs
115 that may communicate on the second hierarchical
layer, while legacy UEs 115 may belong to a first class
of UEs 115 that may communicate on the first hierarchical
layer only. Access point 105-b and UE 115-b may com-
municate on the second hierarchical layer through trans-
missions of subframes of the second subframe type. Ac-
cess point 105-b may transmit communications related
to the first or second hierarchical layer only or may trans-
mit communications for both the first and second hierar-
chical layers. Where an access point 105-b supports both
the first and second hierarchical layers, communicating
component 361 can be configured to prioritize commu-
nications received from the access point 105-b that relate
to the first and second hierarchical layers, as described
herein.
[0031] The access points 105 may wirelessly commu-
nicate with the UEs 115 via one or more access point
antennas. Each of the access points 105 sites may pro-
vide communication coverage for a respective coverage
area 110. In some examples, access points 105 may be
referred to as a base transceiver station, a radio base
station, a radio transceiver, a basic service set (BSS), an
extended service set (ESS), a NodeB, eNodeB, Home
NodeB, a Home eNodeB, or some other suitable termi-
nology. The coverage area 110 for a base station may
be divided into sectors making up only a portion of the
coverage area (not shown). The wireless communica-
tions system 100 may include access points 105 of dif-

ferent types (e.g., macro, micro, and/or pico base sta-
tions). The access points 105 may also utilize different
radio technologies, such as cellular and/or WLAN radio
access technologies (RAT). The access points 105 may
be associated with the same or different access networks
or operator deployments. The coverage areas of different
access points 105, including the coverage areas of the
same or different types of access points 105, utilizing the
same or different radio technologies, and/or belonging
to the same or different access networks, may overlap.
[0032] In network communication systems using
LTE/LTE-A and/or ULL LTE communication technolo-
gies, the terms evolved Node B (eNodeB or eNB) may
be generally used to describe the access points 105. The
wireless communications system 100 may be a Hetero-
geneous LTE/LTE-A/ULL LTE network in which different
types of access points provide coverage for various ge-
ographical regions. For example, each access point 105
may provide communication coverage for a macro cell,
a pico cell, a femto cell, and/or other types of cell. Small
cells such as pico cells, femto cells, and/or other types
of cells may include low power nodes or LPNs. A macro
cell may cover a relatively large geographic area (e.g.,
several kilometers in radius) and may allow unrestricted
access by UEs 115 with service subscriptions with the
network provider. A small cell may cover a relatively
smaller geographic area and may allow unrestricted ac-
cess by UEs 115 with service subscriptions with the net-
work provider, for example, and in addition to unrestricted
access, may also provide restricted access by UEs 115
having an association with the small cell (e.g., UEs in a
closed subscriber group (CSG), UEs for users in the
home, and the like). An eNB for a macro cell may be
referred to as a macro eNB. An eNB for a small cell may
be referred to as a small cell eNB. An eNB may support
one or multiple (e.g., two, three, four, and the like) cells.
[0033] The core network 130 may communicate with
the eNBs or other access points 105 via one or more
backhaul links 132 (e.g., S1 interface, etc.). The access
points 105 may also communicate with one another, e.g.,
directly or indirectly via backhaul links 134 (e.g., X2 in-
terface, etc.) and/or via backhaul links 132 (e.g., through
core network 130). The wireless communications system
100 may support synchronous or asynchronous opera-
tion. For synchronous operation, the access points 105
may have similar frame timing, and transmissions from
different access points 105 may be approximately
aligned in time. For asynchronous operation, the access
points 105 may have different frame timing, and trans-
missions from different access points 105 may not be
aligned in time. Furthermore, transmissions in the first
hierarchical layer and second hierarchical layer may or
may not be synchronized among access points 105. The
techniques described herein may be used for either syn-
chronous or asynchronous operations.
[0034] The UEs 115 are dispersed throughout the wire-
less communications system 100, and each UE 115 may
be stationary or mobile. A UE 115 may also be referred
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to by those skilled in the art as a mobile station, a sub-
scriber station, a mobile unit, a subscriber unit, a wireless
unit, a remote unit, a mobile device, a wireless device, a
wireless communications device, a remote device, a mo-
bile subscriber station, an access terminal, a mobile ter-
minal, a wireless terminal, a remote terminal, a handset,
a user agent, a mobile client, a client, or some other suit-
able terminology. A UE 115 may be a cellular phone, a
personal digital assistant (PDA), a wireless modem, a
wireless communication device, a handheld device, a
tablet computer, a laptop computer, a cordless phone, a
wearable item such as a watch or glasses, a wireless
local loop (WLL) station, or the like. A UE 115 may be
able to communicate with macro eNodeBs, small cell eN-
odeBs, relays, and the like. A UE 115 may also be able
to communicate over different access networks, such as
cellular or other WWAN access networks, or WLAN ac-
cess networks.
[0035] The communication links 125 shown in wireless
communications system 100 may include uplink (UL)
transmissions from a UE 115 to an access point 105,
and/or downlink (DL) transmissions, from an access point
105 to a UE 115. The downlink transmissions may also
be called forward link transmissions while the uplink
transmissions may also be called reverse link transmis-
sions. The communication links 125 may carry transmis-
sions of each hierarchical layer which, in some examples,
may be multiplexed in the communication links 125. The
UEs 115 may be configured to collaboratively communi-
cate with multiple access points 105 through, for exam-
ple, Multiple Input Multiple Output (MIMO), carrier aggre-
gation (CA), Coordinated Multi-Point (CoMP), or other
schemes. MIMO techniques use multiple antennas on
the access points 105 and/or multiple antennas on the
UEs 115 to transmit multiple data streams. Carrier ag-
gregation may utilize two or more component carriers on
a same or different serving cell for data transmission.
CoMP may include techniques for coordination of trans-
mission and reception by a number of access points 105
to improve overall transmission quality for UEs 115 as
well as increasing network and spectrum utilization.
[0036] As mentioned, in some examples access points
105 and UEs 115 may utilize carrier aggregation to trans-
mit on multiple carriers. In some examples, access points
105 and UEs 115 may concurrently transmit in a first
hierarchical layer, within a frame, one or more subframes
each having a first subframe type using two or more sep-
arate carriers. Each carrier may have a bandwidth of, for
example, 20 MHz, although other bandwidths may be
utilized. Hybrid UE 115-a, and/or second layer UE 115-
b may, in certain examples, receive and/or transmit one
or more subframes in a second hierarchical layer utilizing
a single carrier that has a bandwidth greater than a band-
width of one or more of the separate carriers. For exam-
ple, if four separate 20 MHz carriers are used in a carrier
aggregation scheme in the first hierarchical layer, a single
80 MHz carrier may be used in the second hierarchical
layer. The 80 MHz carrier may occupy a portion of the

radio frequency spectrum that at least partially overlaps
the radio frequency spectrum used by one or more of the
four 20 MHz carriers. In some examples, scalable band-
width for the second hierarchical layer type may be com-
bined techniques to provide shorter RTTs such as de-
scribed above, to provide further enhanced data rates.
[0037] Each of the different operating modes that may
be employed by wireless communications system 100
may operate according to frequency division duplexing
(FDD) or time division duplexing (TDD). In some exam-
ples, different hierarchical layers may operate according
to different TDD or FDD modes. For example, a first hi-
erarchical layer may operate according to FDD while a
second hierarchical layer may operate according to TDD.
In some examples, OFDMA communications signals
may be used in the communication links 125 for LTE
downlink transmissions for each hierarchical layer, while
single carrier frequency division multiple access (SC-FD-
MA) communications signals may be used in the com-
munication links 125 for LTE uplink transmissions in each
hierarchical layer. Additional details regarding implemen-
tation of hierarchical layers in a system such as the wire-
less communications system 100, as well as other fea-
tures and functions related to communications in such
systems, are provided below with reference to the follow-
ing figures.
[0038] FIG. 2 is a diagram illustrating an example of
an access network 200 in an LTE or ULL LTE network
architecture. In this example, the access network 200 is
divided into a number of cellular regions (cells) 202. One
or more small cell eNBs 208 may have cellular regions
210 that overlap with one or more of the cells 202. The
small cell eNBs 208 may provide one or more cells of a
lower power class, such as a femto cell (e.g., home eNB
(HeNB)), pico cell, micro cell, or remote radio head
(RRH). The macro eNBs 204 are each assigned to a
respective cell 202 and are configured to provide an ac-
cess point to the core network 130 for all the UEs 206 in
the cells 202. In an aspect, eNBs 204 and/or 208 may
include scheduling component 302 configured to allocate
resources for communicating with UEs 206 over one or
more channels using a ULL communication technology.
Similarly, one or more of UEs 206 may include a com-
municating component 361 configured to communicate
with one or more eNBs 204 and/or 208 over one or more
channels using the ULL communication technology (e.g.,
ULL LTE). There is no centralized controller in this ex-
ample of an access network 200, but a centralized con-
troller may be used in alternative configurations. The
eNBs 204 are responsible for all radio related functions
including radio bearer control, admission control, mobility
control, scheduling, security, and connectivity to one or
more components of core network 130.
[0039] The modulation and multiple access scheme
employed by the access network 200 may vary depend-
ing on the particular telecommunications standard being
deployed. In LTE or ULL LTE applications, OFDM may
be used on the DL and SC-FDMA may be used on the
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UL to support both frequency division duplexing (FDD)
and time division duplexing (TDD). As those skilled in the
art will readily appreciate from the detailed description to
follow, the various concepts presented herein are well
suited for LTE applications. However, these concepts
may be readily extended to other telecommunication
standards employing other modulation and multiple ac-
cess techniques. By way of example, these concepts
may be extended to Evolution-Data Optimized (EV-DO)
or Ultra Mobile Broadband (UMB). EV-DO and UMB are
air interface standards promulgated by the 3rd Genera-
tion Partnership Project 2 (3GPP2) as part of the
CDMA2000 family of standards and employs CDMA to
provide broadband Internet access to mobile stations.
These concepts may also be extended to Universal Ter-
restrial Radio Access (UTRA) employing Wideband-CD-
MA (W-CDMA) and other variants of CDMA, such as TD-
SCDMA; Global System for Mobile Communications
(GSM) employing TDMA; and Evolved UTRA (E-UTRA),
IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802.20, and Flash-OFDM employing OFDMA. UTRA, E-
UTRA, UMTS, LTE and GSM are described in docu-
ments from the 3GPP organization. CDMA2000 and
UMB are described in documents from the 3GPP2 or-
ganization. The actual wireless communication standard
and the multiple access technology employed will de-
pend on the specific application and the overall design
constraints imposed on the system.
[0040] The eNBs 204 may have multiple antennas sup-
porting MIMO technology. The use of MIMO technology
enables the eNBs 204 to exploit the spatial domain to
support spatial multiplexing, beamforming, and transmit
diversity. Spatial multiplexing may be used to transmit
different streams of data simultaneously on the same fre-
quency. The data steams may be transmitted to a single
UE 206 to increase the data rate or to multiple UEs 206
to increase the overall system capacity. This is achieved
by spatially precoding each data stream (i.e., applying a
scaling of an amplitude and a phase) and then transmit-
ting each spatially precoded stream through multiple
transmit antennas on the DL. The spatially precoded data
streams arrive at the UE(s) 206 with different spatial sig-
natures, which enables each of the UE(s) 206 to recover
the one or more data streams destined for that UE 206.
On the UL, each UE 206 transmits a spatially precoded
data stream, which enables the eNB 204 to identify the
source of each spatially precoded data stream.
[0041] Spatial multiplexing is generally used when
channel conditions are good. When channel conditions
are less favorable, beamforming may be used to focus
the transmission energy in one or more directions. This
may be achieved by spatially precoding the data for trans-
mission through multiple antennas. To achieve good cov-
erage at the edges of the cell, a single stream beamform-
ing transmission may be used in combination with trans-
mit diversity.
[0042] In the detailed description that follows, various
aspects of an access network will be described with ref-

erence to a MIMO system supporting OFDM on the DL.
OFDM is a spread-spectrum technique that modulates
data over a number of subcarriers within an OFDM sym-
bol. The subcarriers are spaced apart at precise frequen-
cies. The spacing provides "orthogonality" that enables
a receiver to recover the data from the subcarriers. In the
time domain, a guard interval (e.g., cyclic prefix) may be
added to each OFDM symbol to combat inter-OFDM-
symbol interference. The UL may use SC-FDMA in the
form of a DFT-spread OFDM signal to compensate for
high peak-to-average power ratio (PAPR).
[0043] FIG. 3 is a block diagram of an eNB 310 in com-
munication with a UE 350 in an access network. In the
DL, upper layer packets from the core network are pro-
vided to a controller/processor 375. The controller/proc-
essor 375 implements the functionality of the L2 layer.
In the DL, the controller/processor 375 provides header
compression, ciphering, packet segmentation and reor-
dering, multiplexing between logical and transport chan-
nels, and radio resource allocations to the UE 350 based
on various priority metrics. The controller/processor 375
is also responsible for HARQ operations, retransmission
of lost packets, and signaling to the UE 350.
[0044] The transmit (TX) processor 316 implements
various signal processing functions for the L1 layer (i.e.,
physical layer). The signal processing functions includes
coding and interleaving to facilitate forward error correc-
tion (FEC) at the UE 350 and mapping to signal constel-
lations based on various modulation schemes (e.g., bi-
nary phase-shift keying (BPSK), quadrature phase-shift
keying (QPSK), M-phase-shift keying (M-PSK), M-quad-
rature amplitude modulation (M-QAM)). The coded and
modulated symbols are then split into parallel streams.
Each stream is then mapped to an OFDM subcarrier,
multiplexed with a reference signal (e.g., pilot signal) in
the time and/or frequency domain, and then combined
together using an Inverse Fast Fourier Transform (IFFT)
to produce a physical channel carrying a time domain
OFDM symbol stream. The OFDM stream is spatially pre-
coded to produce multiple spatial streams. Channel es-
timates 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
is then provided to a different antenna 320 via a separate
transmitter 318TX. Each transmitter 318TX modulates
an RF carrier with a respective spatial stream for trans-
mission. In addition, eNB 310 may include scheduling
component 302 configured to allocate resources for com-
municating with a UE 350 over one or more channels
using a ULL communication technology. For example,
though scheduling component 302 is shown as coupled
with controller/processor 375, substantially any proces-
sor of an eNB 310 can provide the functions of the sched-
uling component 302 and/or its related components de-
scribed herein (e.g., in conjunction with controller/proc-
essor 375, memory 376, or otherwise). For example, TX
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processor 316 and/or RX processor 370 can additionally
or alternatively provide one or more functions of sched-
uling component 302, as described herein.
[0045] At the UE 350, each receiver 354RX receives
a signal 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 RX processor 356 implements vari-
ous signal processing functions of the L1 layer. The RX
processor 356 performs spatial processing on the infor-
mation 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 Fou-
rier Transform (FFT). The frequency domain signal com-
prises a separate OFDM symbol stream for each sub-
carrier of the OFDM signal. The symbols on each sub-
carrier, and the reference signal, is recovered and de-
modulated by determining the most likely signal constel-
lation points transmitted by the eNB 310. These soft de-
cisions 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 con-
trol signals that were originally transmitted by the eNB
310 on the physical channel. The data and control signals
are then provided to the controller/processor 359.
[0046] The controller/processor 359 implements the
L2 layer. The controller/processor can be associated with
a memory 360 that stores program codes and data. The
memory 360 may be referred to as a computer-readable
medium. In the UL, the controller/processor 359 provides
demultiplexing between transport and logical channels,
packet reassembly, deciphering, header decompres-
sion, control signal processing to recover upper layer
packets from the core network. The upper layer packets
are then provided to a data sink 362, which represents
all the protocol layers above the L2 layer. Various control
signals may also be provided to the data sink 362 for L3
processing. The controller/processor 359 is also respon-
sible for error detection using an acknowledgement
(ACK) and/or negative acknowledgement (NACK) proto-
col to support HARQ operations. In addition, communi-
cating component 361 configured to communicate with
one or more access points 105 over one or more chan-
nels using the ULL communication technology (e.g., ULL
LTE). For example, though communicating component
361 is shown as coupled with controller/processor 359,
substantially any processor of a UE 350 can provide the
functions of the communicating component 361 and/or
its related components described herein (e.g., in con-
junction with controller/processor 359, memory 360, or
otherwise). For example, TX processor 368 and/or RX
processor 356 can additionally or alternatively provide
one or more functions of communicating component 361,
as described herein.
[0047] In the UL, a data source 367 is used to provide

upper layer packets to the controller/processor 359. The
data source 367 represents all protocol layers above the
L2 layer. Similar to the functionality described in connec-
tion with the DL transmission by the eNB 310, the con-
troller/processor 359 implements the L2 layer for the user
plane and the control plane by providing header com-
pression, ciphering, packet segmentation and reorder-
ing, and multiplexing between logical and transport chan-
nels based on radio resource allocations by the eNB 310.
The controller/processor 359 is also responsible for
HARQ operations, retransmission of lost packets, and
signaling to the eNB 310.
[0048] Channel estimates derived by a channel esti-
mator 358 from a reference signal or feedback transmit-
ted by the eNB 310 may be used by the TX processor
368 to select the appropriate coding and modulation
schemes, and to facilitate spatial processing. The spatial
streams generated by the TX processor 368 are provided
to different antenna 352 via separate transmitters 354TX.
Each transmitter 354TX modulates an RF carrier with a
respective spatial stream for transmission.
[0049] The UL transmission is processed at the eNB
310 in a manner similar to that described in connection
with the receiver function at the UE 350. Each receiver
318RX receives a signal through its respective antenna
320. Each receiver 318RX recovers information modu-
lated onto an RF carrier and provides the information to
a RX processor 370. The RX processor 370 may imple-
ment the L1 layer.
[0050] The controller/processor 375 implements the
L2 layer. 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 upper layer
packets from the UE 350. Upper layer packets from the
controller/processor 375 may be provided to the core net-
work. The controller/processor 375 is also responsible
for error detection using an ACK and/or NACK protocol
to support HARQ operations.
[0051] FIG. 4 is a diagram illustrating non-limiting ex-
amples of a ULL timelines 400, 402, with time progression
extending from left to right in the figure, for managing
ULL communications in a wireless communication sys-
tem. In this example, timelines 400, 402 include ULL
frames of symbol duration in each symbol of a subframe.
Timelines 400, 402 both depict symbols representing a
TTI for ULL physical downlink control channel (uPDCCH)
and/or ULL physical downlink shared channel (uPDSCH)
and symbols representing a TTI including ULL physical
uplink control channel (uPUCCH) and/or ULL physical
uplink shared channel (uPUSCH). In timelines 400, 14
symbols are shown within a given subframe (e.g., for
normal CP), and in timelines 402, 12 symbols are shown
within a given subframe (e.g., for extended CP). In either
case, lower latency is achieved in ULL by utilizing symbol-
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based TTIs. In other examples, a TTI may be two or more
symbols, a slot of a subframe (where a subframe includes
two slots), etc. In addition, HARQ process response time
can be 3 symbols (or 4 symbols, 3 dual-symbols, 3 slots,
etc.). In the depicted example, uPDCCH/uPDSCH is sent
in symbol 0, and HARQ is processed and is sent in symbol
4, etc. in the subframe. Moreover, in accordance with
aspects described herein, some symbols within a given
subframe can be allocated for downlink communications
(e.g., uPDCCH/uPDSCH) while other symbols are allo-
cated for uplink communications (e.g., uPUCCH/uP-
USCH).
[0052] FIG. 5 is a diagram illustrating non-limiting ex-
amples of resource allocations over allocation spaces
500 and 502 in ULL wireless communications. In alloca-
tion space 500, resources are allocated in FDM such that
a given portion of frequency (represented vertically) can
be allocated to a given UE over a portion of time (repre-
sented horizontally). In this example, resources over a
given frequency are assigned for downlink channels in
first portions of time 510 followed by a guard period (GP)
in second portions of time 512 where no resources are
allocated, followed by resources over given frequencies
assigned for uplink channels in third portions of time 514.
As shown, for example, different portions of frequency
can be allocated over different portions of time for the
downlink channels, GPs, and uplink channels. In an ex-
ample, the downlink channels can correspond to uPD-
SCH and the uplink channels can correspond to uP-
USCH, for example, and can be allocated from a start
indicator indicating the start of the uPUSCH to the end
of the subframe, where the start indicator may be spec-
ified in the resource allocation or a corresponding re-
source grant that specifies the resource allocation. In ad-
dition, in an example, resources can be allocated for
transmitting demodulation reference signals (DM-RS) in
one or more periods of time 516 within the resources for
the uPUSCH allocation, which can include transmitting
the DM-RS in one or more symbols, over multiple non-
contiguous symbols, etc., as described herein.
[0053] The location of the period of time 516 for trans-
mitting DM-RS may be indicated in the resource alloca-
tion (or resource grant) or otherwise determined based
on one or more parameters related to the resource allo-
cation, indicated in another configuration, etc., as de-
scribed further herein. For example, there may be 1 to 2
periods of time 516 for transmitting DM-RS for a given
UE in a given subframe, as shown. In another example
(though not shown), the location of the periods of time
516, 526 for transmitting DM-RS may be at the beginning
of the third periods of time 514, 524. This can allow for
lessening the length of the periods of time 512, 522 cor-
responding to the GP as the DM-RS can take additional
time to allow resource grants transmitting the first periods
of time 520 to be sufficiently spaced in time (e.g., n sym-
bols, where n can be 4 or substantially any configured
value) from the allocated resources in the third periods
of time 514, 524.

[0054] In allocation space 500, resources are allocated
in FDM such that a number of contiguous resource block
(RB) groups 519 can be allocated to one or more UEs
for ULL communications. Allocation space 502 can in-
clude a plurality of RB groups 519 of frequency over one
or more periods of time (e.g., a symbol). In one example,
in a 20 MHz frequency band, allocation space 502 can
be divided into 4 5MHz portions over a plurality of sym-
bols, where each RB group 519 corresponds to 5 MHz
(e.g., which may include 25 RBs) over a symbol. In this
example, a first number of periods of time 520 (e.g., sym-
bols) can be allocated for downlink communications, fol-
lowed by one or more periods of time 522 as a GP, fol-
lowed by one or more periods of time 524 for allocating
uplink communications. In this example, periods of time
524 can be allocated to different UEs, and thus a resource
grant may indicate a start indicator and end indicator cor-
responding to a starting RB group and an ending RB
group for the resource allocation, respectively. Moreover,
a period of time 526 within periods of time 524 can be
allocated for transmitting DM-RS by one or more UEs
(e.g., the UE DM-RS transmissions can be multiplexed
over frequency in the period of time 526), which may be
specified in the resource allocation (or resource grant),
or other configuration, as described further herein.
[0055] FIG. 6 is a diagram illustrating non-limiting ex-
amples of resource allocations over allocation spaces
600 and 602 in ULL wireless communications. In alloca-
tion space 600, resources are allocated in TDM, as sim-
ilarly shown and described with respect to allocation
space 502 in FIG. 5, including periods of time allocated
for downlink communications, periods of time for GP, fol-
lowed by periods of time for allocating uplink communi-
cations (and/or periods of time for DM-RS transmission
in the periods of time for allocating uplink communica-
tions). Moreover, in this example, a portion of the periods
of time for allocating uplink communications (e.g., a por-
tion of symbols, such as the last two symbols) can also
include uplink control channel resource allocations in por-
tions of frequency 610 of the portion of the periods of
time. In this example, the portions of frequency 610 within
the portions of the periods of time for allocating uplink
control channels can include first and last frequency por-
tions of the portions of periods of time (e.g., first and last
numbers of RBs in a first and last RB group in the portion
of symbols). In an example, the first and last portions of
frequency 610 can be similar in size (e.g., bandwidth).
Moreover, for example, the portions of frequency 610
can correspond to (or otherwise be dependent on) an
uplink control channel allocation for the same (or differ-
ent) UE to which the uPUSCH allocation in the remaining
portions of frequency over the portion of the periods of
time relate. In an example, one or more UEs can include
control data (e.g., ACK/NACK, SR, CQI, etc.) incorporat-
ed with uplink data in portions of the periods of time out-
side of the portions for allocating uplink control channels
(e.g., in portion of frequency 612). For example, UEs al-
located uplink shared data channel resources in portion
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of frequency 612 may be aware of the control channel
allocations in portions of frequency 610, and may accord-
ingly integrate control data into the uplink shared data
channel resources in portion of frequency 612 to pre-
serve SC-FDMA waveform, as described further herein.
[0056] In allocation space 602, resources are allocated
in TDM, as similarly shown and described with respect
to allocation space 502 in FIG. 5 including periods of time
allocated for downlink communications, periods of time
for GP, followed by periods of time for allocating uplink
communications (and/or periods of time for DM-RS trans-
mission in the periods of time for allocating uplink com-
munications). Moreover, in this example, a portion of the
periods of time for allocating uplink communications
(e.g., a portion of symbols, such as the last symbol) can
also include uplink control channel resource allocations
in portions of frequency 620 for various UEs, where the
corresponding control channel transmissions are multi-
plexed over the portion of the periods of time (e.g., using
an interleaved frequency division multiple access (IFD-
MA) waveform). In an example, as shown, portions of
frequency 620 can use an even spacing (e.g., tone spac-
ing) between RBs allocated to each UE. In one example,
allocation space 602, using uplink control channel re-
source allocations in portions of frequency 620, can also
use portions of frequency 622 for a shared DM-RS pilot.
[0057] FIG. 7 is a diagram illustrating a non-limiting
example of resource allocations over allocation space
700 in ULL wireless communications. In allocation space
700, resources are allocated in TDM, as similarly shown
and described with respect to allocation space 502 in
FIG. 5 including periods of time allocated for downlink
communications, periods of time for GP, followed by pe-
riods of time for allocating uplink communications (and/or
periods of time for DM-RS transmission in the periods of
time for allocating uplink communications). Moreover, in
this example, a portion of the periods of time for allocating
uplink communications (e.g., a portion of symbols, such
as the last two symbols) can also include multiple uplink
control channel resource allocations in portions of fre-
quency 710 and 720 of the portion of the periods of time.
In this example, the portions of frequency 710 and 720
within the portions of the periods of time for allocating
uplink control channels can include first and last frequen-
cy portions of the portions of periods of time (e.g., first
and last numbers of RBs in a first and last RB group in
the portion of symbols). In an example, the first and last
portions of frequency 710 and 720 can be similar in size
(e.g., bandwidth). In some examples, portions of frequen-
cy 710 occurring before portions of frequency 720 in time
can be referred to herein as "early bandwidth" and may
be used to schedule certain time-sensitive control data,
such as HARQ feedback, while the other portions of fre-
quency 720 can be used for less time-sensitive control
data, such as a scheduling request (SR), channel quality
indicator (CQI), etc. In an example, one or more UEs can
include control data (e.g., ACK/NACK, SR, CQI, etc.) as
incorporated with uplink data in portions of the periods

to time outside of the portions for allocating uplink control
channels (e.g., in portion 722).
[0058] Referring to FIGs. 8-14, aspects are depicted
with reference to one or more components and one or
more methods that may perform the actions or functions
described herein. In an aspect, the term "component" as
used herein may be one of the parts that make up a sys-
tem, may be hardware or software or some combination
thereof, and may be divided into other components. Al-
though the operations described below in FIGs. 9-14 are
presented in a particular order and/or as being performed
by an example component, it should be understood that
the ordering of the actions and the components perform-
ing the actions may be varied, depending on the imple-
mentation. Moreover, it should be understood that the
following actions or functions may be performed by a
specially-programmed processor, a processor executing
specially-programmed software or computer-readable
media, or by any other combination of a hardware com-
ponent and/or a software component capable of perform-
ing the described actions or functions.
[0059] FIG. 8 illustrates an example system 800 for
providing channels in ULL communications. System 800
includes a UE 802 that communicates with an eNB 804
to access a wireless network, examples of which are de-
scribed in FIGs. 1-3 (e.g., access points 105, eNB 204,
small cell eNB 208, eNB 310, UEs 115, 206, 350, etc.),
above. In an aspect, eNB 804 and UE 802 may have
established one or more downlink channels over which
to communicate via downlink signals 809, which can be
transmitted by eNB 804 (e.g., via transceiver 856) and
received by UE 802 (e.g., via transceiver 806) for com-
municating control and/or data messages (e.g., in sign-
aling) from the eNB 804 to the UE 802 over configured
communication resources. Moreover, for example, eNB
804 and UE 802 may have established one or more uplink
channels over which to communicate via uplink signals
808, which can be transmitted by UE 802 (e.g., via trans-
ceiver 806) and received by eNB 804 (e.g., via transceiv-
er 856) for communicating control and/or data messages
(e.g., in signaling) from the UE 802 to the eNB 804 over
configured communication resources. As described fur-
ther herein, for example, eNB 804 may communicate a
resource grant 880 that can indicate resources over
which the UE 802 is to communicate (e.g., transmit or
receive) data with eNB 804, where the resources can
correspond to a legacy and/or ULL communication tech-
nology, as described. For example, resources related to
a ULL communication technology can relate to a ULL
timeline (e.g., a timeline having a TTI that is less than a
subframe in duration, such as the timelines 400, 402 in
FIG. 4), and/or may correspond to a grant in an allocation
space (e.g., as described in reference to the examples
of allocation spaces 500, 502, 600, 602, 700, etc. in FIGs.
5-7).
[0060] In an aspect, UE 802 may include one or more
processors 803 and/or a memory 805 that may be com-
municatively coupled, e.g., via one or more buses 807,
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and may operate in conjunction with or otherwise imple-
ment a communicating component 361 for communicat-
ing using a ULL communication technology based on one
or more resource grants. For example, the various oper-
ations related to communicating component 361 may be
implemented or otherwise executed by one or more proc-
essors 803 and, in an aspect, can be executed by a single
processor, while in other aspects, different ones of the
operations may be executed by a combination of two or
more different processors. For example, in an aspect,
the one or more processors 803 may include any one or
any combination of a modem processor, or a baseband
processor, or a digital signal processor, or an application
specific integrated circuit (ASIC), or a transmit processor,
receive processor, or a transceiver processor associated
with transceiver 806. Further, for example, the memory
805 may be a non-transitory computer-readable medium
that includes, but is not limited to, random access mem-
ory (RAM), read only memory (ROM), programmable
ROM (PROM), erasable PROM (EPROM), electrically
erasable PROM (EEPROM), a magnetic storage device
(e.g., hard disk, floppy disk, magnetic strip), an optical
disk (e.g., compact disk (CD), digital versatile disk
(DVD)), a smart card, a flash memory device (e.g., card,
stick, key drive), a register, a removable disk, and any
other suitable medium for storing software and/or com-
puter-readable code or instructions that may be ac-
cessed and read by a computer or one or more proces-
sors 803. Moreover, memory 805 or computer-readable
storage medium may be resident in the one or more proc-
essors 803, external to the one or more processors 803,
distributed across multiple entities including the one or
more processors 803, etc.
[0061] In particular, the one or more processors 803
and/or memory 805 may execute actions or operations
defined by communicating component 361 or its subcom-
ponents. For instance, the one or more processors 803
and/or memory 805 may execute actions or operations
defined by a channel resource determining component
810 for determining resources for communicating over
one or more channels in ULL wireless communications.
In an aspect, for example, channel resource determining
component 810 may include hardware (e.g., one or more
processor modules of the one or more processors 803)
and/or computer-readable code or instructions stored in
memory 805 and executable by at least one of the one
or more processors 803 to perform the specially config-
ured channel resource determining operations described
herein. Further, for instance, the one or more processors
803 and/or memory 805 may execute actions or opera-
tions defined by an optional DM-RS resource determining
component 812 for determining resources over which to
communicate DM-RS. In an aspect, for example, DM-RS
resource determining component 812 may include hard-
ware (e.g., one or more processor modules of the one or
more processors 803) and/or computer-readable code
or instructions stored in memory 805 and executable by
at least one of the one or more processors 803 to perform

the specially configured DM-RS resource determining
operations described herein. Further, for instance, the
one or more processors 803 and/or memory 805 may
optionally execute actions or operations defined by an
optional channel state information (CSI) feedback com-
ponent 814 for generating and/or communicating CSI
feedback based on a received CSI reference signal (CSI-
RS). In an aspect, for example, CSI feedback component
814 may include hardware (e.g., one or more processor
modules of the one or more processors 803) and/or com-
puter-readable code or instructions stored in memory 805
and executable by at least one of the one or more proc-
essors 803 to perform the specially configured CSI feed-
back operations described herein.
[0062] Similarly, in an aspect, eNB 804 may include
one or more processors 853 and/or a memory 855 that
may be communicatively coupled, e.g., via one or more
buses 857, and may operate in conjunction with or oth-
erwise implement a scheduling component 302 for gen-
erating resource grants for one or more UEs for ULL wire-
less communications. For example, the various functions
related to scheduling component 302 may be implement-
ed or otherwise executed by one or more processors 853
and, in an aspect, can be executed by a single processor,
while in other aspects, different ones of the functions may
be executed by a combination of two or more different
processors, as described above. In one example, the one
or more processors 853 and/or memory 855 may be con-
figured as described in examples above with respect to
the one or more processors 803 and/or memory 805 of
UE 802.
[0063] In an example, the one or more processors 853
and/or memory 855 may execute actions or operations
defined by scheduling component 302 or its subcompo-
nents. For instance, the one or more processors 853
and/or memory 855 may execute actions or operations
defined by a resource grant generating component 820
for generating a resource grant specifying one or more
parameters related to assigned resources in ULL com-
munications. In an aspect, for example, resource grant
generating component 820 may include hardware (e.g.,
one or more processor modules of the one or more proc-
essors 853) and/or computer-readable code or instruc-
tions stored in memory 855 and executable by at least
one of the one or more processors 853 to perform the
specially configured resource granting operations de-
scribed herein. Further, for instance, the one or more
processors 853 and/or memory 855 may execute actions
or operations defined by an optional DM-RS receiving
component 822 for receiving a DM-RS from one or more
UEs to which the resources in ULL communications are
assigned. In an aspect, for example, DM-RS receiving
component 822 may include hardware (e.g., one or more
processor modules of the one or more processors 853)
and/or computer-readable code or instructions stored in
memory 855 and executable by at least one of the one
or more processors 853 to perform the specially config-
ured DM-RS receiving operations described herein. Fur-
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ther, for instance, the one or more processors 853 and/or
memory 855 may execute actions or operations defined
by an optional CSI-RS transmitting component 824 for
transmitting CSI-RSs to the one or more UEs. In an as-
pect, for example, CSI-RS transmitting component 824
may include hardware (e.g., one or more processor mod-
ules of the one or more processors 853) and/or computer-
readable code or instructions stored in memory 855 and
executable by at least one of the one or more processors
853 to perform the specially configured CSI-RS transmit-
ting operations described herein.
[0064] In an example, transceivers 806, 856 may be
configured to transmit and receive wireless signals
through one or more antennas, an RF front end, one or
more transmitters, and one or more receivers. In an as-
pect, transceivers 806, 856 may be tuned to operate at
specified frequencies such that UE 802 and/or eNB 804
can communicate at a certain frequency. In an aspect,
the one or more processors 803 may configure trans-
ceiver 806 and/or one or more processors 853 may con-
figure transceiver 856 to operate at a specified frequency
and power level based on a configuration, a communi-
cation protocol, etc. to communicate uplink signals 808
and/or downlink signals 809, respectively, over related
uplink or downlink communication channels.
[0065] In an aspect, transceivers 806, 856 can operate
in multiple bands (e.g., using a multiband-multimode mo-
dem, not shown) such to process digital data sent and
received using transceivers 806, 856. In an aspect, trans-
ceivers 806, 856 can be multiband and be configured to
support multiple frequency bands for a specific commu-
nications protocol. In an aspect, transceivers 806, 856
can be configured to support multiple operating networks
and communications protocols. Thus, for example, trans-
ceivers 806, 856 may enable transmission and/or recep-
tion of signals based on a specified modem configuration.
[0066] FIG. 9 illustrates an example of a method 900
for communicating (e.g., by a UE) over ULL communica-
tion resources assigned by an eNB. Though generally
described in terms of a UE communicating with an eNB
over resources assigned by the eNB, the functions de-
scribed herein can be utilized by substantially any devic-
es in wireless communication where one device sched-
ules resources for communicating by the other device.
In method 900, blocks indicated as dashed boxes repre-
sent optional steps.
[0067] At Block 902, the UE can receive a control chan-
nel from a serving eNB where the control channel in-
cludes a resource grant indicating a bandwidth and a
start indicator for an uplink shared data channel. In an
aspect, communicating component 361, e.g., in conjunc-
tion with processor(s) 803, memory 805, and/or trans-
ceiver 806, can receive the control channel (e.g., a uP-
DCCH) from the serving eNB (e.g., eNB 804) where the
control channel includes a resource grant (e.g., resource
grant 880) indicating a bandwidth and a start indicator
for the uplink shared data channel. For example, where
the eNB 804 allocates resources in FDM (e.g., according

to examples shown in allocation space 500 in FIG. 5), as
described, eNB 804 can indicate a bandwidth corre-
sponding to the uplink shared data channel and a start
indicator indicating a period of time (e.g., a symbol, where
the indicator may include an index of the symbol with the
subframe) during which the uplink shared data channel
begins. For example, the indicated bandwidth may in-
clude an indication of frequency resources (e.g., a fre-
quency band, a number of resource blocks, etc.) over
which the resources are scheduled during the period of
time. In an example, the uplink shared data channel is
accordingly scheduled over the bandwidth beginning at
the period of time indicated by the start indicator and
extending to a known or configured ending period of time
(e.g., an end of the subframe, a number of symbols from
the starting symbol, etc.). In addition, referring to FIG. 5,
communicating component 361 may receive the re-
source grant over the uPDCCH in the first periods of time
510 in the subframe, where the resource grant indicates
the bandwidth and start indicator within the third periods
of time 514 in the subframe (e.g., with periods of time
512 corresponding to the GP in between).
[0068] At Block 904, the UE can transmit data in the
uplink shared data channel over the bandwidth during a
duration from the start indicator to a corresponding end-
ing period of time. In an aspect, communicating compo-
nent 361, e.g., in conjunction with processor(s) 803,
memory 805, and/or transceiver 806, can transmit the
data in the uplink shared data channel over the bandwidth
during a duration from the start indicator to a correspond-
ing ending period of time (e.g., an end of the subframe,
a number of symbols from the starting symbols, or other
configured or known ending period of time, as described).
In an example, channel resource determining component
810 can determine the bandwidth and the starting indi-
cator from the resource grant received from eNB 804,
and communicating component 361 can accordingly
schedule data transmission over the resources (e.g., one
or more resource blocks) corresponding to the bandwidth
and period of time from the starting indicator to the known
ending period of time (e.g., the end of the subframe).
Thus, for example, the uplink shared data channel (e.g.,
uPUSCH) can have a configurable bandwidth and dura-
tion where the position of the channel within the resourc-
es is aligned with a start indicator.
[0069] Optionally, at Block 906, the UE can determine
one or more symbols for transmitting one or more DM-
RS in the uplink shared data channel. In an aspect, DM-
RS resource determining component 812, e.g., in con-
junction with processor(s) 803, and/or memory 805, can
determine the one or more symbols for transmitting one
or more DM-RS in the uplink shared data channel. For
example, the eNB 804 may indicate the one or more re-
sources in the resource grant (e.g., resource grant 880),
and DM-RS resource determining component 812 may
determine the one or more symbols based on the indi-
cation in the resource grant. In another example, in de-
termining the one or more symbols at Block 906, the UE
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may optionally, at Block 908, determine one or more sym-
bols for transmitting one or more DM-RS in the uplink
shared data channel based at least in part on one or more
parameters. In an aspect, DM-RS resource determining
component 812 can implicitly determine the one or more
symbols for transmitting one or more DM-RS in the uplink
shared data channel based at least in part on the one or
more parameters, which may include a duration (e.g.,
the duration corresponding to the start indicator to the
end of the subframe), a modulation order, a code rate,
and or other aspects corresponding to a waveform con-
figuration of the received control channel. In addition, for
example, DM-RS resource determining component 812
can determine the number of symbols over which to
transmit DM-RS (e.g., 1 symbol, 2 symbols, etc.) based
on the duration of the grant, modulation order, code rate
etc. For example, DM-RS resource determining compo-
nent 812 can determine additional DM-RS symbols
where a duration of the uplink grant achieves a threshold
duration, where data to be transmitted over the uplink
shared data channel achieves a threshold modulation
order and/or code rate, etc. Thus, in an example, the one
or more symbols for transmitting DM-RS need not be
explicitly conveyed by the eNB 804 in the resource grant.
[0070] In another example, at Block 910, the UE may
optionally transmit the one or more DM-RS in the one or
more symbols. In an aspect, communicating component
361, e.g., in conjunction with processor(s) 803, memory
805, and/or transceiver 806, can transmit the DM-RS in
the one or more symbols to allow eNB 804 to demodulate
data transmitted by the UE in the uplink shared data chan-
nel (e.g., within the symbols of the associated subframe).
[0071] FIG. 10 illustrates an example of a method 1000
for scheduling (e.g., by an eNB) resources for ULL com-
munication. Though generally described in terms of an
eNB scheduling resources for a UE, the functions de-
scribed herein can be utilized by substantially any devic-
es in wireless communication where one device sched-
ules resources for communicating by the other device.
In method 1000, blocks indicated as dashed boxes rep-
resent optional steps.
[0072] At Block 1002, the eNB can generate a resource
grant indicating a bandwidth and a start indicator for an
uplink shared data channel. In an aspect, resource grant
generating component 820, e.g., in conjunction with proc-
essor(s) 853, and/or memory 855, can generate the re-
source grant indicating the bandwidth and the start indi-
cator for the uplink shared data channel. For example,
where the resource grant generating component 820 al-
locates resources in FDM (e.g., according to examples
shown in allocation space 500 in FIG. 5), as described,
resource grant generating component 820 can indicate
a bandwidth (e.g., a frequency band, a number of re-
source blocks, or other indications of bandwidth) corre-
sponding to the uplink shared data channel and a start
indicator indicating a period of time (e.g., a symbol) during
which the uplink shared data channel begins. In an ex-
ample, the uplink shared data channel is accordingly

scheduled over the bandwidth beginning at the period of
time indicated by the start indicator and extending to a
known or configured ending period of time (e.g., an end
of the subframe, a number of symbols from the starting
symbol, etc.), as described. In one example, eNB 804
can configure the ending period of time to one or more
UEs (e.g., UE 802). For example, resource grant gener-
ating component 820 may determine a size for the uplink
shared data channel for a given UE (e.g., in the frequency
domain as a bandwidth, in the time domain as number
of symbols, etc.) based on one or more parameters of
the UE, which may include an indicated buffer status re-
port (BSR), a reported channel quality, and/or the like.
[0073] At Block 1004, the eNB can transmit the re-
source grant to the UE in a downlink control channel. In
an aspect, communicating component 361, e.g., in con-
junction with processor(s) 853, memory 855, and/or
transceiver 856, can transmit the resource grant (e.g.,
resource grant 880) to the UE (e.g., UE 802) in a downlink
control channel (e.g., uPDCCH). Accordingly, in an ex-
ample, scheduling component 302 may also receive
communications from UE 802 over the granted resources
corresponding to the bandwidth over a duration corre-
sponding to the start indicator and ending at a known
ending period of time (e.g., the end of the subframe).
Thus, for example, the uplink shared data channel (e.g.,
uPUSCH) can have a configurable bandwidth and dura-
tion where the position of the channel within the resourc-
es is aligned with a start indicator. In addition, referring
to FIG. 5, scheduling component 302 may transmit the
resource grant over the uPDCCH in the first periods of
time 510 in the subframe indicating the bandwidth and
start indicator within the third periods of time 514 in the
subframe (e.g., with periods of time 512 corresponding
to the GP in between).
[0074] Optionally, at Block 1006, the eNB may receive
a DM-RS from the UE in the uplink shared data channel.
In an aspect, DM-RS receiving component 822, e.g., in
conjunction with processor(s) 853, memory 855, and/or
transceiver 856, can receive the DM-RS from the UE
(e.g., UE 802) in the uplink shared data channel. As de-
scribed in one example, resource grant generating com-
ponent 820 may generate the resource grant 880 to ad-
ditionally indicate one or more symbols within the re-
sources allocated for the uplink shared data channel,
where the one or more symbols are to be used for DM-
RS transmission. In another example, the UE 802 can
autonomously determine the one or more symbols, as
described. In addition, for example, eNB 804 can utilize
the received DM-RS to demodulate data received from
the UE 802 over the shared uplink data channel.
[0075] FIG. 11 illustrates an example of a method 1100
for communicating (e.g., by a UE) over ULL communica-
tion resources assigned by an eNB. Though generally
described in terms of a UE communicating with an eNB
over resources assigned by the eNB, the functions de-
scribed herein can be utilized by substantially any devic-
es in wireless communication where one device sched-
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ules resources for communicating by the other device.
In method 1100, blocks indicated as dashed boxes rep-
resent optional steps.
[0076] At Block 1102, the UE can receive a control
channel from a serving eNB where the control channel
includes a resource grant for an uplink shared data chan-
nel including a number of RBs starting from a starting RB
in an allocation space. In an aspect, communicating com-
ponent 361, e.g., in conjunction with processor(s) 803,
memory 805, and/or transceiver 806, can receive the
control channel (e.g., a uPDCCH) from the serving eNB
(e.g., eNB 804) where the control channel includes a re-
source grant (e.g., resource grant 880) for an uplink
shared data channel including a number of RBs starting
from a starting RB in an allocation space. For example,
the resource grant 880 can include an indicator of the
number of RBs starting from the starting RB in the allo-
cation space. For example, where the eNB 804 allocates
resources in TDM (e.g., according to examples shown in
allocation space 502 in FIG. 5), as described, eNB 804
can indicate, in the resource grant 880, a number of RBs
starting from a starting RB in the allocation space, where
the RBs can correspond to individual RBs, groups of RBs
(e.g., a 5MHz portion of RBs as shown as RB group 519
in FIG. 5, etc.). Thus, for example, the RBs can be allo-
cated in frequency first and in time second, such that,
beginning from the starting RB, resources are allocated
in subsequent RBs for the corresponding period of time
(e.g., the symbol) where the starting RB is not the last
RB in the period of time, then beginning at a first RB in
the next period of time (e.g., the next symbol) and con-
tinuing to subsequent RBs in this next period of time, and
so on until the number of RBs are reached.
[0077] In a specific example, the RBs (or groups of
RBs) can be assigned an index sequentially beginning
with the first RB (or RB group) at the start of a frequency
band in a first period of time (e.g., symbol, where the
symbol can be the TTI of the ULL communication tech-
nology), and continuing to the next RB (or RB group) in
the frequency band in the first period of time, etc. until
the last RB (or RB group) in the frequency band in the
first period of time. Then the next sequential index can
be assigned to a first RB (or RB group) at the start of the
frequency band in a second period of time, and continuing
to the next RB (or RB group) in the frequency band in
the second period of time, etc. until the last (or ending)
RB (or RB group) in the frequency band in a last period
of time. Thus, the eNB 804 may communicate a start
indicator of an RB (or RB group) index and a number of
RBs (or RB groups) to the UE 802 in the resource grant
880, communicating component 361 can receive the re-
source grant 880, and channel resource determining
component 810 can determine the resources corre-
sponding to the uplink shared data channel based on the
start indicator of the RB (or RB group) index and the
number of RBs indicated in the resource grant 880. In an
example, communicating component 361 can alterna-
tively receive an indication of an ending RB, and accord-

ingly determine the resources from the starting RB to the
ending RB.
[0078] Referring to FIG. 5, for example, communicat-
ing component 361 may receive the resource grant over
the uPDCCH in one or more RBs (or RB groups) 519 in
the first periods of time 520 in the subframe (e.g., in one
or more of the first three symbols), where the resource
grant indicates the starting RB and number of RBs (or
ending RB) for the uplink shared data channel occurring
within the third periods of time 524 in the subframe (e.g.,
in the fifth, sixth, and the first two RB groups of the sev-
enth symbol for user 1), with periods of time 522 corre-
sponding to RBs (or RB groups) of the GP in between.
In a specific example, the resource grant for User 1 in
FIG. 5 may indicate a starting RB of 0 (or 16 if indexed
from the beginning of the subframe), and a number of
RBs of 10. In addition, as described further below, the
eNB 804 may allocate resources to UEs based on an
estimated proximity of the UEs to the eNB 804.
[0079] At Block 1104, the UE can transmit data in the
uplink shared data channel from the starting RB in the
allocation space and continuing through the number of
RBs. In an aspect, communicating component 361, e.g.,
in conjunction with processor(s) 803, memory 805,
and/or transceiver 806, can transmit the data in the uplink
shared data channel from the starting RB in the allocation
space and continuing through the number of RBs. In an
example, as described, channel resource determining
component 810 can determine the starting RB (or RB
group) and the number of RBs (or RB groups) from the
resource grant 880 received from eNB 804 (which may
additionally include an ending RB), and communicating
component 361 can accordingly schedule data transmis-
sion over the resources (e.g., one or more RBs or RB
groups) to encompass the starting RB through the
number of RBs (or ending RB). Thus, in a specific exam-
ple, the uplink shared data channel (e.g., uPUSCH) can
be configurable over one or more 25 RB units (e.g., cor-
responding to 5MHz RB groups 519).
[0080] In an example, at Block 1106, the UE can op-
tionally transmit control data in at least a portion of the
uplink shared data channel. In an aspect, communicating
component 361, e.g., in conjunction with processor(s)
803, memory 805, and/or transceiver 806, may transmit
control data in at least a portion of the uplink shared data
channel. For example, communicating component 361
may determine to transmit the control data in the uplink
shared data channel based at least in part on the re-
source grant 880, which may be received over uPDCCH
as described. For example, eNB 804 may trigger CQI
transmission in the uplink shared data channel (e.g., uP-
USCH) within the resource grant 880, and communicat-
ing component 361 can accordingly receive the resource
grant 880 and transmit the CQI in the uplink shared data
channel based on the trigger. Additional information can
be included in the uplink shared data channel transmis-
sion to prevent simultaneous transmission of uPUSCH
and uPUCCH, in one example. Thus, as shown in FIG.
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6, for example, though some UEs may transmit control
data in the portions of frequency 610 (which may span
multiple symbols), other UEs (and/or the same UEs) may
transmit control data in the portions of frequency 612
allocated for shared data channel communications.
[0081] Optionally, at Block 1108, the UE can determine
a symbol for transmitting one or more DM-RS within the
allocation space. In an aspect, DM-RS resource deter-
mining component 812, e.g., in conjunction with proces-
sor(s) 803, and/or memory 805, can determine the sym-
bol for transmitting one or more DM-RS in the allocation
space. For example, the eNB 804 may indicate the sym-
bol and/or a corresponding portion of frequency (e.g., a
RB or RB group, one or more RBs in the RB group, etc.)
in the resource grant (e.g., resource grant 880) or a sep-
arate communication for transmitting the DM-RS. DM-
RS resource determining component 812 may determine
the symbol and/or portion of frequency for transmitting
the DM-RS based on the indication in the resource grant.
For example, referring to FIG. 5, eNB 804 may indicate
period of time 526 for DM-RS transmissions, and/or may
indicate a portion of frequency within period of time 526
for DM-RS transmissions generally or specific to a given
UE 802. In any case, UE 802 can receive the indication
(e.g., and determine DM-RS usage during demodulation)
and can accordingly schedule DM-RS transmissions in
the period of time 526 (and/or over the corresponding
portion of frequency).
[0082] In another example, at Block 1110, the UE may
optionally transmit the one or more DM-RS in the one or
more symbols. In an aspect, communicating component
361, e.g., in conjunction with processor(s) 803, memory
805, and/or transceiver 806, can transmit the DM-RS in
the one or more symbols (and/or over the corresponding
portion of frequency) to allow eNB 804 to demodulate
data transmitted by the UE in the uplink shared data chan-
nel (e.g., in the corresponding subframe).
[0083] FIG. 12 illustrates an example of a method 1200
for scheduling (e.g., by an eNB) resources for ULL com-
munication. Though generally described in terms of an
eNB scheduling resources for a UE, the functions de-
scribed herein can be utilized by substantially any devic-
es in wireless communication where one device sched-
ules resources for communicating by the other device.
In method 1200, blocks indicated as dashed boxes rep-
resent optional steps.
[0084] At Block 1202, the eNB can generate a resource
grant for an uplink shared data channel including a
number of RBs starting from a starting RB in an allocation
space. In an aspect, resource grant generating compo-
nent 820, e.g., in conjunction with processor(s) 853,
and/or memory 855, can generate the resource grant
(e.g., resource grant 880) for the uplink shared data chan-
nel including the number of RBs starting from the starting
RB in the allocation space. For example, where the re-
source grant generating component 820 allocates re-
sources in TDM (e.g., according to examples shown in
allocation space 502 in FIG. 5), as described, resource

grant generating component 820 can include, in the re-
source grant 880, an indication of the starting RB (or RB
group) and the number of RBs for a given uplink shared
data channel (or an ending RB or RB group) correspond-
ing to the third periods of time 524. In an example, the
uplink shared data channel is accordingly scheduled over
the RBs indicated by the starting RB (or RB group) (e.g.,
based on an index thereof) and continuing for an indicat-
ed number of RBs (or RB groups) and/or until an indicated
ending RB (or RB group). For example, resource grant
generating component 820 may determine a size (e.g.,
a number of RBs or RB groups) for the uplink shared
data channel for a given UE based on one or more pa-
rameters of the UE, which may include an indicated buffer
status report (BSR), a reported channel quality, and/or
the like. For example, the eNB 804 may determine a larg-
er sized allocation for a UE having a BSR greater than
that of another UE.
[0085] At Block 1204, the eNB can transmit the re-
source grant to the UE in a downlink control channel. In
an aspect, communicating component 361, e.g., in con-
junction with processor(s) 853, memory 855, and/or
transceiver 856, can transmit the resource grant (e.g.,
resource grant 880) to the UE (e.g., UE 802) in a downlink
control channel (e.g., uPDCCH). Accordingly, in an ex-
ample, scheduling component 302 may also receive
communications from UE 802 over the granted resources
corresponding to the starting RB (or RB group) and the
number of RB (or RB groups) (or an ending RB or RB
group). Thus, for example, the uplink shared data chan-
nel (e.g., uPUSCH) can have a configurable bandwidth
based on the number of RBs (or RB groups) allocated to
the uplink shared data channel. In addition, referring to
FIG. 5, scheduling component 302 may transmit the re-
source grant over the uPDCCH in the RBs (or RB groups)
corresponding to the first periods of time 520 in the sub-
frame, where the resource grant indicates the starting
RB (or RB group), number of RBs (or RB groups), or an
ending RB (or RB group) within the third periods of time
524 in the subframe (e.g., with periods of time 522 cor-
responding to the GP in between). Moreover, in an ex-
ample, the resource grant may include an indicator for
the UE 802 to transmit control data (or a certain type of
control data) in the uplink shared data channel, such as
a trigger to transmit CQI in the uplink shared data chan-
nel.
[0086] Optionally, at Block 1206, the eNB may gener-
ate a second resource grant for a second uplink shared
data channel for a second UE starting from a second
starting RB adjacent to an ending RB of the number of
RBs corresponding to the resource grant. In an aspect,
resource grant generating component 820, e.g., in con-
junction with processor(s) 853, and/or memory 855, can
generate the second resource grant for the second uplink
shared data channel for the second UE starting from the
second starting RB adjacent to an ending RB of the
number of RBs corresponding to the resource grant,
which is the resource grant transmitted to the UE 802.
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For example, resource grant generating component 820
can accordingly allocate the uplink shared data channels
contiguously in frequency first and time second, as de-
scribed, to limit overhead in the allocation space. In ad-
dition, in an example, resource grant generating compo-
nent 820 can allocate the uplink shared data channels
such that nearby UEs are allocated before distant UEs.
For example, resource grant generating component 820
may estimate an order of distance of the UEs based on
one or more parameters related to the UEs (e.g., uplink
received signal strength indicator (RSSI) measurements,
received CQI, etc.), and may allocate resources for an
uplink shared data channel for a nearest proximity UE
first (e.g., beginning with a RB or RB group adjacent to
an ending RB or RB group of the GP), followed by a next
nearest proximity UE, and so on.
[0087] In any case, optionally, at Block 1208, the eNB
can transmit the second resource grant to the second
UE. In an aspect, communicating component 361, e.g.,
in conjunction with processor(s) 853, memory 855,
and/or transceiver 856, can transmit the second resource
grant (e.g., resource grant 880) to the second UE (e.g.,
other than UE 802) in the downlink control channel (e.g.,
uPDCCH).
[0088] Moreover, at Block 1210, the eNB may option-
ally indicate DM-RS position information to the UE and
additional UEs for transmitting DM-RS over a common
symbol. In an aspect, resource grant generating compo-
nent 820 may, e.g., in conjunction with processor(s) 853,
memory 855, and/or transceiver 856, indicate the DM-
RS position information to the UE (e.g., UE 802) and
additional UEs for transmitting DM-RS over a common
symbol (e.g., period of time 526 in FIG. 5). For example,
resource grant generating component 820 may indicate
the common symbol and/or a corresponding portion of
frequency for transmitting the DM-RS (e.g., an RB or RB
group in the symbol) to the UE(s) in a resource grant or
separate communication. For example, referring to FIG.
5, the common symbol may include the period of time
526, and the resource grant 880 may include an index
of the symbol within the subframe or other indicator.
Moreover, as described, the common symbol may be
within the allocation space for the uplink shared data
channel.
[0089] Optionally, at Block 1212, the eNB may receive
a DM-RS from the UE in the common symbol. In an as-
pect, DM-RS receiving component 822, e.g., in conjunc-
tion with processor(s) 853, memory 855, and/or trans-
ceiver 856, can receive the DM-RS from the UE (e.g.,
UE 802) in the common symbol. As described, for exam-
ple, eNB 804 can utilize the DM-RS to demodulate data
received from the UE 802 over the shared uplink data
channel.
[0090] FIG. 13 illustrates an example of a method 1300
for communicating (e.g., by a UE) over ULL communica-
tion resources assigned by an eNB. Though generally
described in terms of a UE communicating with an eNB
over resources assigned by the eNB, the functions de-

scribed herein can be utilized by substantially any devic-
es in wireless communication where one device sched-
ules resources for communicating by the other device.
In method 1300, blocks indicated as dashed boxes rep-
resent optional steps.
[0091] At Block 1302, the UE can receive a control
channel from a serving eNB where the control channel
includes a resource grant indicating a bandwidth and/or
a start indicator for an uplink control channel. In an as-
pect, communicating component 361, e.g., in conjunction
with processor(s) 803, memory 805, and/or transceiver
806, can receive the control channel (e.g., a uPDCCH)
from the serving eNB (e.g., eNB 804) where the control
channel includes a resource grant (e.g., resource grant
880) indicating the bandwidth and/or the start indicator
for the uplink control channel. For example, where the
eNB 804 allocates resources in TDM (e.g., according to
examples shown in allocation space 600, 602 in FIG. 6,
700 in FIG. 7, etc.), as described, eNB 804 can indicate
the bandwidth and/or the start indicator for the control
channel in the resource grant 880. For example, the start
indicator may be an index of a RB or RB group, an index
of a symbol (e.g., where the symbol can be the TTI of
the ULL communication technology), etc. where the up-
link control channel begins. In addition, in an example,
the resource grant 880 may indicate the bandwidth
and/or the bandwidth may be otherwise known by the
UE 802 or separately configured. In one example, UE
802 can perform methods 900 and/or 1100 along with
method 1300 such that the control channel received at
Block 1302 may be a second control channel received
over other resources, additional information received in
the same control channel as received at Block 902 or
1102, etc.
[0092] In an example, the bandwidth (e.g., as indicated
in the resource grant 880) may include a portion of fre-
quency in a first and last RB (or RB group) over symbols
indicated by the start indicator and ending at a known or
configured ending period of time (e.g., the last symbol in
the subframe, after a number of symbols or RBs, etc.) or
an otherwise configured ending symbol, examples of
which are shown as portions of frequency 610 in FIG. 6,
720 in FIG. 7, etc. In another example, the bandwidth
may include a portion of one or more RBs (or RB groups)
in one or more common symbols for transmitting control
data of multiple UEs (e.g., in the last symbol as shown
as portion of frequency 620 in FIG. 6. Accordingly, for
example, the resource grant 880 may indicate the portion
of the one or more RBs (or RB groups) in the common
symbol for a given UE to transmit control data, and/or
may indicate the common symbol(s), an RB index, spac-
ing (e.g., tone spacing) between RBs, etc. assigned to
the UE.
[0093] At Block 1304, the UE can transmit control data
in the uplink control channel over the bandwidth and dur-
ing a duration from the start indicator to a corresponding
ending period of time. In an aspect, communicating com-
ponent 361, e.g., in conjunction with processor(s) 803,
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memory 805, and/or transceiver 806, can transmit the
control data in the uplink control channel over the band-
width (e.g., as indicated in the resource grant 880) and
during a duration from the start indicator to a correspond-
ing ending period of time (e.g., an end of the subframe,
a number of symbols from the starting symbols, a number
of RBs in TDM, or other configured or known ending pe-
riod of time, as described). In an example, as described,
channel resource determining component 810 can de-
termine the bandwidth and a period of time (e.g., a sym-
bol) corresponding to the start indicator from the resource
grant received from eNB 804, and communicating com-
ponent 361 can accordingly schedule data transmission
over the resources. In an example, where the bandwidth
is shared in a common symbol for multiple UEs to transmit
control data (e.g., as shown in portions of frequency 620
in FIG. 6), communicating component 361 (and other
communicating components of other UEs) may utilize an
IFDMA waveform to transmit the control data in the mul-
tiple portions of frequency over the bandwidth. In addi-
tion, in this regard, a corresponding shared DM-RS can
also be transmitted in another symbol in the subframe
(e.g., a preceding symbol).
[0094] In an example, resources for the uplink control
channel can be delayed from the uplink shared data
channel, allocated in resource grants transmitted over
the uplink control channel, to mitigate interference, and
to comply with the n + k rule for HARQ feedback (e.g.,
to ensure feedback for the downlink channels at the be-
ginning of the subframe is transmitted at least a threshold
number of symbols (k) from the corresponding downlink
communication). In addition, in an example, eNB 804
may indicate a duration of the control channel in the re-
source grant, and channel resource determining compo-
nent 810 can determine the period of time for transmitting
the control data based on the duration (e.g., instead of
the end of the subframe). The duration may indicate a
number of RBs (or RB groups), a number of symbols,
etc. for the uplink control channel.
[0095] In an example communicating component 361
can transmit the control data as ACK/NACK, SR, CQI,
etc. depending on a type of the uplink control channel.
For example, an allocation space may be heavy downlink
allocation as compared to uplink allocation (e.g., alloca-
tion spaces 600, 602 having 9 downlink symbols and 4
uplink symbols) or heavy uplink allocation as compared
to downlink allocation (e.g., allocation space 700 having
2 downlink symbols and 10 uplink symbols). In one ex-
ample, where the allocation space is heavy downlink al-
location, transmitting the control data may include using
different cyclic shifts to indicate the data, which may be
based on whether downlink shared data channel and/or
uplink shared data channels are assigned to the UE 802.
[0096] Thus, in an example, in transmitting control data
at Block 1304, the UE may optionally, at Block 1306,
transmit the control data with a cyclic shift to indicate the
control data. In an aspect, communicating component
361 can transmit the control data with the cyclic shift to

indicate the control data. Configuration of cyclic shifts,
for example, can be based on downlink control channel
assignment. For example, where communicating com-
ponent 361 receives a downlink shared data channel as-
signment and an uplink shared data channel assignment
from the eNB 804 (e.g., in the sub frame), communicating
component 361 can transmit the control data with a first
cyclic shift to indicate ACK/NACK for the downlink data
and/or a second cyclic shift to indicate a SR. In another
example, where communicating component 361 re-
ceives an uplink shared data channel assignment from
the eNB 804 (e.g., in the sub frame), communicating com-
ponent 361 can transmit the control data with a first cyclic
shift to indicate SR and/or a second cyclic shift to indicate
a request to transmit CQI to the eNB 804. Moreover, for
example, where communicating component 361 re-
ceives a downlink shared data channel assignment from
the eNB 804 (e.g., in the subframe), communicating com-
ponent 361 can transmit the control data with a first cyclic
shift to indicate a pilot (e.g., based on DM-RS) and/or a
second cyclic shift to indicate ACK/NACK for the down-
link data in the downlink shared data channel. Addition-
ally, where communicating component 361 receives nei-
ther a downlink shared data channel assignment nor an
uplink shared data channel assignment from the eNB
804 (e.g., in the subframe), communicating component
361 can transmit the control data with a first cyclic shift
to indicate a pilot (e.g., based on DM-RS) and/or a second
cyclic shift to indicate a SR. In an example, where the
communicating component 361 receives an uplink
shared data channel assignment, the communicating
component 361 can use the DM-RS (as described above)
as the pilot for corresponding transmissions over the re-
sources of the uplink shared data channel assignment,
and may not use one of the cyclic shifts for transmitting
the pilot.
[0097] In another example, where the allocation space
is heavy uplink allocation, the UE may optionally, at Block
1308, determine another resource grant indicating a
bandwidth and a start indicator for an early control chan-
nel in an early bandwidth. In an aspect, channel resource
determining component 810, e.g., in conjunction with
processor(s) 803, memory 805, and/or transceiver 806,
may determine another resource grant indicating the
bandwidth (e.g., a frequency band, number of RBs, etc.)
and start indicator (e.g., an index of a starting symbol,
RB, etc.) for the early control channel in the early band-
width. For example, resource grant 880 may include an
indication of the bandwidth and start indicator for the early
control channel as well, which may correspond to a por-
tion of frequency 710 in one or more symbols in the uplink
shared data channel allocation space that are separate
from the portion of frequency 720 of the uplink control
channel that may be near the end of the subframe. In an
example, communicating component 361 can transmit
some control data in the early control channel and/or ad-
ditional control data in the control channel.
[0098] In an example, the UE may optionally, at Block
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1310, transmit a HARQ indicator in the early control chan-
nel and SR/CQI in the control channel. In an aspect, com-
municating component 361, e.g., in conjunction with
processor(s) 803, memory 805, and/or transceiver 806,
may transmit the HARQ indicator in the early control
channel and the SR/CQI in the control channel. Thus, for
example, the HARQ indicator can be communicated to
the eNB 804 earlier to allow possible retransmission in
the next subframe, as opposed to where the HARQ in-
dicator may be transmitted in a later uplink control chan-
nel near the end of the subframe. Referring to FIG. 7, in
this example, communicating component 361 can trans-
mit the HARQ indicator in the early control channel in
portions of frequency 710 and can transmit the SR/CQI
in portions of frequency 720 in a later control channel
occurring later in time than the early control channel.
[0099] Moreover, for example, the UE may optionally,
at Block 1312 receive a CSI-RS from the eNB in a first
portion of an allocation space. In an aspect, communi-
cating component 361, e.g., in conjunction with proces-
sor(s) 803, memory 805, and/or transceiver 806, may
receive the CSI-RS (which may include CSI-interference
management (CSI-IM)) from the eNB in the first portion
of the allocation space (e.g., a first symbol of the sub-
frame). For example, downlink and uplink resource
grants may trigger CSI feedback from the UE 802. In an
aspect, the UE 802 may also receive CSI-RS location
information for detecting the CSI-RS. In any case, UE
802 may be configured to provide CSI feedback for the
CSI-RS. In an example, CSI feedback component 814
can transmit the CSI feedback with the control data in
the uplink control channel. In another example, the UE
may optionally, at Block 1314, transmit CSI feedback in
an uplink shared data channel configured by the eNB. In
an aspect, CSI feedback component 814 can transmit
the CSI feedback in an uplink shared data channel con-
figured by the eNB 804 (e.g., where the eNB 804 can
configure the uplink shared data channel as described
above). In an example, CSI feedback component 814
can transmit CSI feedback in the uplink control channel
or uplink shared data channel based at least in part on
whether a trigger to report CSI is received from the eNB
804 in a downlink resource grant or an uplink resource
grant, or whether the uplink shared data channel collides
with the uplink control channel.
[0100] FIG. 14 illustrates an example of a method 1400
for scheduling (e.g., by an eNB) ULL communication re-
sources. Though generally described in terms of an eNB
scheduling resources for a UE, the functions described
herein can be utilized by substantially any devices in wire-
less communication where one device schedules re-
sources for communicating by the other device. In meth-
od 1400, blocks indicated as dashed boxes represent
optional steps.
[0101] At Block 1402, the eNB can generate a resource
grant indicating a bandwidth and/or a start indicator for
an uplink control channel. In an aspect, resource grant
generating component 820, e.g., in conjunction with proc-

essor(s) 853, and/or memory 855, can generate the re-
source grant indicating the bandwidth and/or the start
indicator for the uplink control channel. For example,
where the eNB 804 allocates resources in TDM (e.g.,
according to examples shown in allocation space 600,
602 in FIG. 6, 700 in FIG. 7, etc.), as described, eNB 804
can indicate the bandwidth and/or the start indicator for
the control channel in the resource grant 880. For exam-
ple, the start indicator may be an index of a RB or RB
group, an index of a symbol, etc. where the uplink control
channel begins. In addition, in an example, the resource
grant 880 may indicate the bandwidth and/or the band-
width may be otherwise known by the eNB 804 and UE
802 or separately configured.
[0102] In an example, the bandwidth may include a
portion of frequency in a first and last RB (or RB group)
over symbols indicated by the start indicator and ending
at a known ending period of time (e.g., the last symbol
in the subframe, after a number of symbols or RBs, etc.)
or an otherwise configured ending symbol, examples of
which are shown as portions of frequency 610 in FIG. 6,
720 in FIG. 7, etc. In another example, the bandwidth
may include a portion of one or more RBs (or RB groups)
in one or more common symbols for transmitting control
data of multiple UEs (e.g., in the last symbol as shown
in portion of frequency 620 in FIG. 6). Accordingly, for
example, the resource grant 880 may indicate the portion
of the one or more RBs (or RB groups) for a given UE to
transmit control data. In addition, resource grant gener-
ating component 820 may generate a minimum two sym-
bol uPUCCH for a heavy downlink allocation space, a
slot length uPUCCH for a heavy uplink allocation space,
etc. Moreover, a number of RBs for the resource grant
can vary based on configuration (e.g., based on an indi-
cated duration of the uPUCCH).
[0103] At Block 1404, the eNB can transmit the re-
source grant to the UE in a downlink control channel. In
an aspect, scheduling component 302, e.g., in conjunc-
tion with processor(s) 853, memory 855, and/or trans-
ceiver 856, can transmit the resource grant (e.g., re-
source grant 880) to the UE 802 in the downlink control
channel (e.g., uPDCCH). Accordingly as described, UE
802 can determine the bandwidth and a period of time
(e.g., a symbol) corresponding to the start indicator from
the resource grant received from eNB 804, and can ac-
cordingly schedule control data transmission over the re-
sources. Thus, in an example, the scheduling component
302 can receive control data from the UE 802 and/or
other UEs over the bandwidth during the period of time.
[0104] In an example, the eNB can optionally, at Block
1406, determine the control data based on a cyclic shift
used for shifting received control data. In an aspect,
scheduling component 302, e.g., in conjunction with
processor(s) 853, memory 855, and/or transceiver 856,
can determine the control data based on the cyclic shift
used for shifting received control data. For example, as
described, scheduling component 302 can determine the
control data based on the cyclic shift and based on wheth-
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er a downlink shared data channel and/or uplink shared
data channel allocation were provided to the UE 802, as
described previously.
[0105] In another example, the eNB may optionally, at
Block 1408, generate and transmit another resource
grant to the UE indicating a bandwidth and a start indi-
cator for an early control channel in an early bandwidth.
In an aspect, resource grant generating component 820,
e.g., in conjunction with processor(s) 853, memory 855,
and/or transceiver 856, can generate and transmit an-
other resource grant to the UE 802 (e.g., in the same or
different downlink transmission) indicating a bandwidth
and a start indicator for the early control channel in the
early bandwidth. As described, resource grant generat-
ing component 820 may generate the resource grant for
the early control channel in the early bandwidth in a heavy
uplink allocation space (e.g., where a number of symbols
for allocating uplink shared data channel resources
achieves a threshold, where a number of resource blocks
to allocate to served UEs are at least a threshold less
than a number of resource blocks available in the allo-
cation space, etc.).
[0106] Accordingly, as described, the eNB may option-
ally, at Block 1410, receive a HARQ indicator in the early
control channel and SR/CQI in the control channel. In an
aspect, scheduling component 302, e.g., in conjunction
with processor(s) 853, memory 855, and/or transceiver
856, may receive the HARQ indicator in the early control
channel and the SR/CQI in the control channel. Thus, for
example, the HARQ indicator can be received earlier to
allow scheduling component 302 to possibly retransmit
corresponding downlink data in the next subframe (e.g.,
in the first periods of time 520 in FIG. 5), as opposed to
where the HARQ indicator may be received in a later
uplink control channel near the end of the subframe.
[0107] Moreover, for example, the eNB may optionally,
at Block 1412 transmit a CSI-RS to the UE in a first portion
of an allocation space. In an aspect, CSI-RS transmitting
component 824, e.g., in conjunction with processor(s)
853, memory 855, and/or transceiver 856, may transmit
the CSI-RS (which may include CSI-IM) to the UE 802
in the first portion of the allocation space (e.g., a first
symbol of the subframe). In an example, eNB 804 can
trigger CSI feedback via downlink and/or uplink resource
grants transmitted to the UE 802 in portions of the allo-
cation space. In an aspect, the eNB 804 may also trans-
mit CSI-RS location information for detecting the CSI-
RS. In any case, UE 802 may be configured to provide
CSI feedback for the CSI-RS. In an example, the eNB
may optionally, at Block 1414, receive CSI feedback from
the UE in the uplink control channel or an uplink shared
data channel. In an aspect, scheduling component 302
can receive CSI feedback from the UE 802 in the uplink
control channel or the uplink shared data channel. In an
example, scheduling component 302 can receive CSI
feedback in the uplink control channel or uplink shared
data channel based at least in part on whether resource
grant generating component 820 triggers the UE 802 to

report CSI in a downlink resource grant or an uplink re-
source grant, or whether the uplink shared data channel
collides with the uplink control channel.

Claims

1. A method for communicating using a configurable
bandwidth, comprising:

receiving (1102), at a user equipment, UE, (115;
206; 802), a control channel from a serving
evolved Node B, eNB, (105; 204; 804), wherein
the control channel includes a resource grant
for an uplink shared data channel in an allocation
space, wherein:

the allocation space is divided in time and
contains downlink communications, fol-
lowed by a guard period, followed by uplink
communications and includes a plurality of
resource block groups in a frequency do-
main over a plurality of OFDM symbols in a
time domain; and
the resource grant indicates a number of
resource block groups included in the plu-
rality of resource block groups in the fre-
quency domain over a number of OFDM
symbols in the time domain starting from a
starting resource block group in the alloca-
tion space and continuing through the
number of resource block groups in the al-
location space over the frequency domain
first and over the time domain second;

transmitting (1104), by the UE, data in the uplink
shared data channel in the number of resource
block groups;
determining (1108) an OFDM symbol (526) for
transmitting one or more demodulation refer-
ence signals, DM-RS, in the allocation space,
wherein the symbol is used by a plurality of UEs
to transmit DM-RSs;
determining (1108) one or more resource block
groups within the OFDM symbol for transmitting
the one or more DM-RSs; and
transmitting (1110) the one or more DM-RSs in
the one or more resource block groups in the
OFDM symbol.

2. The method of claim 1, wherein the starting resource
block group is in a first symbol that is a number of
symbols from a guard period, wherein the number
of symbols is based on proximity of the UE to the
serving eNB.

3. The method of claim 1, further comprising transmit-
ting, by the UE, control data in at least a portion of
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the uplink shared data channel.

4. The method of claim 3, further comprising receiving,
by the UE, an indicator from the serving eNB to trans-
mit the control data in the uplink shared data channel.

5. The method of claim 1, wherein determining the one
or more resource block groups is based at least in
part on an indication of the one or more resource
block groups received in the control channel from
the serving eNB.

6. The method of claim 1, wherein the symbol is sub-
sequent to a guard period and before a first symbol
of the allocation space.

7. The method of claim 1, further comprising:

receiving, at the UE, a second control channel
from the serving eNB, wherein the second con-
trol channel includes a second resource grant
indicating a bandwidth and a start indicator for
an uplink control channel;
transmitting, by the UE, control data in the uplink
control channel over the bandwidth and during
a first duration from the start indicator to an end
of a corresponding subframe.

8. The method of claim 7, wherein the second resource
grant indicates a second number of resource block
groups starting from a second starting resource
block group in the allocation space for the uplink
shared data channel, and wherein the bandwidth for
the uplink control channel comprises at least a por-
tion of resource blocks of a first resource block group
in a portion of the plurality of symbols corresponding
to the allocation space for the uplink shared data
channel, and at least another portion of resource
blocks of a last resource block group in the portion
of the plurality of symbols.

9. The method of claim 8, wherein either:

a first symbol of the portion of the plurality of
symbols is delayed at least a threshold number
of symbols from a first symbol of the allocation
space for the uplink shared data channel; or
a number of the portion of the plurality of symbols
corresponds to a size of the allocation space for
the uplink shared data channel; or
the portion of resource blocks corresponds to a
second duration of the uplink control channel
received in a configuration from the serving eNB;
or
the portion of the plurality of symbols comprises
a last symbol in the corresponding subframe,
and wherein transmitting the control data com-
prises transmitting the control data in a resource

block of one or more resource block groups in
the last symbol based on an indication received
in a configuration from the serving eNB; or the
bandwidth for the uplink control channel further
comprises an early bandwidth comprising at
least a second portion of resource blocks of a
second first resource block group in a second
portion of the plurality of symbols corresponding
to the allocation space for the uplink shared data
channel, and at least another second portion of
resource blocks of a second last resource block
group in the second portion of the plurality of
symbols.

10. The method of claim 7, wherein the second resource
grant further indicates resources related to either:

a downlink shared data channel and the uplink
shared data channel, and wherein transmitting
the control data comprises transmitting the con-
trol data using at least one of a first cyclic shift
to indicate an acknowledgement/negative-ac-
knowledgment for data received over the down-
link shared data channel or a second cyclic shift
to indicate a scheduling request for resources
on the uplink shared data channel; or
the uplink shared data channel, and wherein
transmitting the control data comprises trans-
mitting, by the UE, the control data using at least
one of a first cyclic shift to indicate a scheduling
request for resources on the uplink shared data
channel or a second cyclic shift to indicate a re-
quest to transmit a channel quality indicator.

11. The method of claim 7, wherein transmitting the con-
trol data comprises transmitting, by the UE, the con-
trol data using at least one of a first cyclic shift to
indicate a pilot signal or a second cyclic shift to indi-
cate scheduling request for resources on the uplink
shared data channel.

12. The method of claim 7, further comprising receiving,
by the UE, a channel state information, CSI refer-
ence signal, CSI-RS from the serving eNB in a first
portion of the corresponding subframe, and either
transmitting the control data includes transmitting
CSI feedback related to the CSI-RS in the uplink con-
trol channel or the method further comprises trans-
mitting CSI feedback related to the CSI-RS in the
uplink shared data channel.

13. The method of claim 12, wherein transmitting the
CSI feedback in the uplink shared data channel is
based at least in part on determining that the uplink
shared data channel collides with the uplink control
channel.

14. An apparatus for communicating using a configura-
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ble bandwidth, comprising:

means (806) for receiving (1102), at a user
equipment, UE, (115; 206; 802), a control chan-
nel from a serving evolved Node B, eNB, (105;
204; 804), wherein the control channel includes
a resource grant for an uplink shared data chan-
nel in an allocation space, wherein:

the allocation space is divided in time and
contains downlink communications, fol-
lowed by a guard period, followed by uplink
communications and includes a plurality of
resource block groups in a frequency do-
main over a plurality of OFDM symbols in a
time domain; and
the resource grant indicates a number of
resource block groups included in the plu-
rality of resource block groups in the fre-
quency domain over a number of OFDM
symbols in the time domain starting from a
starting resource block group in the alloca-
tion space and continuing through the
number of resource block groups in the al-
location space over the frequency domain
first and over the time domain second;

means (806) for transmitting, by the UE, data in
the uplink shared data channel in the number of
resource block groups;
means (812) for determining (1108) an OFDM
symbol (526) for transmitting one or more de-
modulation reference signals, DM-RS, in the al-
location space, wherein the symbol is used by
a plurality of UEs to transmit DM-RSs;
means (812) for determining (1108) one or more
resource block groups within the OFDM symbol
for transmitting the one or more DM-RSs; and
means (806) for transmitting (1110) the one or
more DM-RSs in the one or more resource block
groups in the OFDM symbol.

15. A computer-readable medium storing computer ex-
ecutable code for communicating using a configura-
ble bandwidth, the code comprising instructions
which, when executed by a computer, cause the
computer to carry out the method of any one of claims
1-13.

Patentansprüche

1. Ein Verfahren zum Kommunizieren unter Verwen-
dung einer konfigurierbaren Bandbreite, das Folgen-
des aufweist:

Empfangen (1102), an einer Nutzereinrichtung
bzw. UE (UE = user equipment) (115; 206; 802),

eines Steuerkanals von einem versorgenden
eNB (eNB = evolved Node B) (105; 204; 804),
wobei der Steuerkanal eine Ressourcenzutei-
lung für einen gemeinsam verwendeten Uplink-
bzw. Aufwärtsstreckendatenkanal in einem Zu-
weisungsraum beinhaltet, wobei:

der Zuweisungsraum zeitlich unterteilt ist
und Downlink- bzw. Abwärtsstreckenkom-
munikationen enthält, denen eine Guard-
bzw. Schutzperiode folgt, gefolgt durch Auf-
wärtsstreckenkommunikationen, und eine
Vielzahl von Ressourcenblockgruppen in
einem Frequenzbereich über eine Vielzahl
von OFDM-Symbolen in einem Zeitbereich
beinhaltet; und
die Ressourcenzuteilung eine Anzahl von
Ressourcenblockgruppen anzeigt, die in
der Vielzahl von Ressourcenblockgruppen
enthalten sind, und zwar in dem Frequenz-
bereich über eine Anzahl von OFDM-Sym-
bolen in dem Zeitbereich, beginnend bei ei-
ner Anfangsressourcenblockgruppe in dem
Zuweisungsraum und fortfahrend mit der
Anzahl von Ressourcenblockgruppen in
dem Zuweisungsraum zuerst über den Fre-
quenzbereich und als zweites über den
Zeitbereich;

Senden (1104), durch die UE, von Daten in dem
gemeinsam verwendeten Aufwärtsstreckenda-
tenkanal in der Anzahl von Ressourcenblock-
gruppen;
Bestimmen (1108), eines OFDM-Symbols (526)
zum Senden eines oder mehrerer Demodulati-
onsreferenzsignale bzw. DM-RSs (DM-RS = de-
modulation reference signal) in dem Zuwei-
sungsraum, wobei das Symbol durch eine Viel-
zahl von UEs zum Senden von DM-RSs verwen-
det wird;
Bestimmen (1108) einer oder mehrerer Res-
sourcenblockgruppen innerhalb des OFDM-
Symbols zum Senden des einen oder der meh-
reren DM-RSs; und
Senden (1110) des einen oder der mehreren
DM-RSs in der einen oder den mehreren Res-
sourcenblockgruppen in dem OFDM-Symbol.

2. Verfahren nach Anspruch 1, wobei die Anfangsres-
sourcenblockgruppe in einem ersten Symbol ist, das
eine Anzahl von Symbolen von einer Schutzperiode
ist, wobei die Anzahl von Symbolen auf einer Nähe
der UE zu dem versorgenden eNB basiert.

3. Verfahren nach Anspruch 1, das weiter Senden,
durch die UE, von Steuerdaten in wenigstens einem
Abschnitt des gemeinsam verwendeten Aufwärts-
streckendatenkanals aufweist.
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4. Verfahren nach Anspruch 3, das weiter Empfangen,
durch die UE, eines Indikators von dem versorgen-
den eNB zum Senden der Steuerdaten in dem ge-
meinsam verwendeten Aufwärtsstreckendatenka-
nal aufweist.

5. Verfahren nach Anspruch 1, wobei das Bestimmen
der einen oder der mehreren Ressourcenblockgrup-
pen wenigstens teilweise auf einer Anzeige der ei-
nen oder mehreren Ressourcenblockgruppen ba-
siert, die in dem Steuerkanal von dem versorgenden
eNB empfangen werden.

6. Verfahren nach Anspruch 1, wobei das Symbol auf
eine Schutzperiode nachfolgt und vor einem ersten
Symbol des Zuweisungsraums ist.

7. Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:

Empfangen, an der UE, eines zweiten Steuer-
kanals von dem versorgenden eNB, wobei der
zweite Steuerkanal eine zweite Ressourcenzu-
teilung beinhaltet, die eine Bandbreite und einen
Startindikator für einen Aufwärtsstreckensteu-
erkanal anzeigt;
Senden, durch die UE, von Steuerdaten in dem
Aufwärtsstreckensteuerkanal über die Band-
breite und während einer ersten Dauer von dem
Startindikator zu einem Ende eines entspre-
chenden Subrahmens.

8. Verfahren nach Anspruch 7, wobei die zweite Res-
sourcenzuteilung eine zweite Anzahl von Ressour-
cenblockgruppen anzeigt, beginnend bei einer zwei-
ten Anfangsressourcenblockgruppe in dem Zuwei-
sungsraum für den gemeinsam verwendeten Auf-
wärtsstreckendatenkanal, und wobei die Bandbreite
für den Aufwärtsstreckensteuerkanal Folgendes
aufweist: wenigstens einen Teil von Ressourcenblö-
cken einer ersten Ressourcenblockgruppen in ei-
nem Teil der Vielzahl von Symbolen, und zwar ent-
sprechend dem Zuweisungsraum für den gemein-
sam verwendeten Aufwärtsstreckendatenkanal, und
wenigstens einen anderen Teil von Ressourcenblö-
cken einer letzten Ressourcenblockgruppe in dem
Teil der Vielzahl von Symbolen.

9. Verfahren nach Anspruch 8, wobei entweder:

ein erstes Symbol des Teils der Vielzahl von
Symbolen um wenigstens eine Schwellen-
wertanzahl von Symbolen von einem ersten
Symbol des Zuweisungsraums für den gemein-
sam verwendeten Aufwärtsstreckendatenkanal
verzögert ist; oder
eine Anzahl des Teils der Vielzahl von Symbolen
einer Größe des Zuweisungsraums für den ge-

meinsam verwendeten Aufwärtsstreckendaten-
kanal entspricht; oder
der Teil von Ressourcenblöcken einer zweiten
Dauer des Aufwärtsstreckensteuerkanals ent-
spricht, der in einer Konfiguration von dem ver-
sorgenden eNB empfangen wird; oder
der Teil der Vielzahl von Symbolen ein letztes
Symbol in dem entsprechenden Subrahmen
aufweist, und wobei das Senden der Steuerda-
ten Senden der Steuerdaten in einem Ressour-
cenblock einer oder mehrerer Ressourcen-
blockgruppen in dem letzten Symbol aufweist,
und zwar basierend auf einer Anzeige, die in
einer Konfiguration von dem versorgenden eNB
empfangen wird; oder die Bandbreite für den
Aufwärtsstreckensteuerkanal weiter eine frühe
Bandbreite aufweist, die Folgendes aufweist:
wenigstens einen zweiten Teil von Ressourcen-
blöcken einer zweiten ersten Ressourcenblock-
gruppe in einem zweiten Teil der Vielzahl von
Symbolen, und zwar entsprechend dem Zuwei-
sungsraum für den gemeinsam verwendeten
Aufwärtsstreckendatenkanal, und wenigstens
einen weiteren zweiten Teil von Ressourcenblö-
cken einer zweiten letzten Ressourcenblock-
gruppe in dem zweiten Teil der Vielzahl von
Symbolen.

10. Verfahren nach Anspruch 7, wobei die zweite Res-
sourcenzuteilung weiter Ressourcen anzeigt, die mit
einem von Folgendem in Beziehung stehen:

einem gemeinsam verwendeten Abwärtsstre-
ckendatenkanal und dem gemeinsam verwen-
deten Aufwärtsstreckendatenkanal, und wobei
das Senden der Steuerdaten Senden der Steu-
erdaten unter Verwendung von wenigstens ei-
nem von Folgendem aufweist: einer ersten zy-
klischen Verschiebung, um eine Bestäti-
gung/negative Bestätigung für Daten, die über
den gemeinsam verwendeten Aufwärtsstre-
ckendatenkanal empfangen worden sind, anzu-
zeigen, oder einer zweiten zyklischen Verschie-
bung, um eine Scheduling- bzw. Einteilungsan-
frage hinsichtlich Ressourcen auf dem gemein-
sam verwendeten Aufwärtsstreckendatenkanal
anzuzeigen; oder
dem gemeinsam verwendeten Aufwärtsstre-
ckendatenkanal, und wobei das Senden der
Steuerdaten Senden, durch die UE, der Steuer-
daten unter Verwendung von wenigstens einem
Folgendem aufweist: einer ersten zyklischen
Verschiebung, um eine Einteilungsanfrage hin-
sichtlich Ressourcen auf dem gemeinsam ver-
wendeten Aufwärtsstreckendatenkanal anzu-
zeigen, oder einer zweiten zyklischen Verschie-
bung, um eine Anfrage zum Senden eines Ka-
nalqualitätsindikators anzuzeigen.
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11. Verfahren nach Anspruch 7, wobei das Senden der
Steuerdaten Senden, durch die UE, der Steuerdaten
unter Verwendung von wenigstens einem von einer
ersten zyklischen Verschiebung, um ein Pilotsignal
anzuzeigen, oder einer zweiten zyklischen Verschie-
bung, um eine Einteilungsanfrage hinsichtlich Res-
sourcen auf dem gemeinsam verwendeten Abwärts-
streckendatenkanal anzuzeigen, aufweist.

12. Verfahren nach Anspruch 7, das weiter Empfangen,
durch die UE, eines Kanalzustandsinformationsre-
ferenzsignals bzw. CSI-RS (CSI-RS = channel state
information reference signal) von dem versorgenden
eNB in einem ersten Abschnitt des entsprechenden
Subrahmens aufweist und entweder das Senden der
Steuerdaten Senden von CSI-Feedback in Bezug
auf das CSI-RS in dem Aufwärtsstreckensteuerka-
nal beinhaltet oder das Verfahren weiter Senden von
CSI-Feedback in Bezug auf das CSI-RS in dem ge-
meinsam verwendeten Aufwärtsstreckendatenka-
nal aufweist.

13. Verfahren nach Anspruch 12, wobei das Senden des
CSI-Feedbacks in dem gemeinsam verwendeten
Aufwärtsstreckendatenkanal wenigstens teilweise
auf Bestimmen basiert, dass der gemeinsam ver-
wendete Aufwärtsstreckendatenkanal mit dem Auf-
wärtsstreckensteuerkanal kollidiert.

14. Eine Vorrichtung zum Kommunizieren unter Ver-
wendung einer konfigurierbaren Bandbreite, die Fol-
gendes aufweist:

Mittel (806) zum Empfangen (1102), an einer
Nutzereinrichtung bzw. UE (115; 206; 802), ei-
nes Steuerkanals von einem versorgenden eNB
(eNB = evolved Node B) (105; 204; 804), wobei
der Steuerkanal eine Ressourcenzuteilung für
einen gemeinsam verwendeten Uplink- bzw.
Aufwärtsstreckendatenkanal in einem Zuwei-
sungsraum beinhaltet, wobei:

der Zuweisungsraum zeitlich unterteilt ist
und Downlink- bzw. Abwärtsstreckenkom-
munikationen enthält, denen eine Guard-
bzw. Schutzperiode folgt, gefolgt durch Auf-
wärtsstreckenkommunikationen, und eine
Vielzahl von Ressourcenblockgruppen in
einem Frequenzbereich über eine Vielzahl
von OFDM-Symbolen in einem Zeitbereich
beinhaltet; und
die Ressourcenzuteilung eine Anzahl von
Ressourcenblockgruppen anzeigt, die in
der Vielzahl von Ressourcenblockgruppen
enthalten sind, und zwar in dem Frequenz-
bereich über eine Anzahl von OFDM-Sym-
bolen in dem Zeitbereich, beginnend bei ei-
ner Anfangsressourcenblockgruppe in dem

Zuweisungsraum und fortfahrend mit der
Anzahl von Ressourcenblockgruppen in
dem Zuweisungsraum zuerst über den Fre-
quenzbereich und als zweites über den
Zeitbereich;

Mittel (806) zum Senden, durch die UE, von Da-
ten in dem gemeinsam verwendeten Aufwärts-
streckendatenkanal in der Anzahl von Ressour-
cenblockgruppen;
Mittel (812) zum Bestimmen (1108), eines OF-
DM-Symbols (526) zum Senden eines oder
mehrerer Demodulationsreferenzsignale bzw.
DM-RSs (DM-RS = demodulation reference si-
gnal) in dem Zuweisungsraum, wobei das Sym-
bol durch eine Vielzahl von UEs zum Senden
von DM-RSs verwendet wird;
Mittel (812) zum Bestimmen (1108) einer oder
mehrerer Ressourcenblockgruppen innerhalb
des OFDM-Symbols zum Senden des einen
oder der mehreren DM-RSs; und
Mittel (806) zum Senden (1110) des einen oder
der mehreren DM-RSs in der einen oder den
mehreren Ressourcenblockgruppen in dem OF-
DM-Symbol.

15. Ein computerlesbares Medium, das von einem Com-
puter ausführbaren Code speichert zum Kommuni-
zieren unter Verwendung einer konfigurierbaren
Bandbreite, wobei der Code Instruktionen aufweist,
die, wenn sie durch einen Computer ausgeführt wer-
den, den Computer veranlassen zum Durchführen
des Verfahrens nach einem der Ansprüche 1-13.

Revendications

1. Procédé de communication à l’aide d’une largeur de
bande configurable, comprenant :

une réception (1102), au niveau d’un équipe-
ment d’utilisateur, UE, (115 ; 206 ; 802), d’un
canal de commande à partir d’un nœud B évo-
lué, eNB, (105 ; 204 ; 804) de desserte, dans
lequel le canal de commande inclut une attribu-
tion de ressources pour un canal de données
partagées de liaison montante dans un espace
d’affectation, dans lequel :

l’espace d’affectation est divisé dans le
temps et contient des communications de
liaison descendante, suivies par une pério-
de de garde, suivies par des communica-
tions de liaison montante et inclut une plu-
ralité de groupes de blocs de ressource
dans un domaine fréquentiel sur une plura-
lité de symboles OFDM dans un domaine
temporel ; et
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l’attribution de ressources indique un nom-
bre de groupes de blocs de ressource inclus
dans la pluralité de groupes de blocs de res-
source dans le domaine fréquentiel sur un
nombre de symboles OFDM dans le domai-
ne temporel débutant à partir d’un groupe
de blocs de ressource de départ dans l’es-
pace d’affectation et continuant à travers le
nombre de groupes de blocs de ressource
dans l’espace d’affectation sur le domaine
fréquentiel tout d’abord puis sur le domaine
temporel ;

une transmission (1104), par l’UE, de données
dans le canal de données partagées de liaison
montante dans le nombre de groupes de blocs
de ressource ;
une détermination (1108) d’un symbole OFDM
(526) pour une transmission d’un ou de plu-
sieurs signaux de référence de démodulation,
DM-RS, dans l’espace d’affectation, dans lequel
le symbole est utilisé par une pluralité d’UE pour
transmettre des DM-RS ;
une détermination (1108) d’un ou de plusieurs
groupes de blocs de ressource à l’intérieur du
symbole OFDM pour une transmission des un
ou plusieurs DM-RS ; et
une transmission (1110) des un ou plusieurs
DM-RS dans les un ou plusieurs groupes de
blocs de ressource dans le symbole OFDM.

2. Procédé selon la revendication 1, dans lequel le
groupe de blocs de ressource de départ est dans un
premier symbole qui est un nombre de symboles à
partir d’une période de garde, dans lequel le nombre
de symboles est basé sur une proximité de l’UE à
l’eNB de desserte.

3. Procédé selon la revendication 1, comprenant en
outre une transmission, par l’UE, de données de
commande dans au moins une portion du canal de
données partagées de liaison montante.

4. Procédé selon la revendication 3, comprenant en
outre une réception, par l’UE, d’un indicateur à partir
de l’eNB de desserte pour transmettre les données
de commande dans le canal de données partagées
de liaison montante.

5. Procédé selon la revendication 1, dans lequel une
détermination des un ou plusieurs groupes de blocs
de ressource est basée au moins en partie sur une
indication des un ou plusieurs groupes de blocs de
ressource reçus dans le canal de commande à partir
de l’eNB de desserte.

6. Procédé selon la revendication 1, dans lequel le
symbole est ultérieur à une période de garde et avant

un premier symbole de l’espace d’affectation.

7. Procédé selon la revendication 1, comprenant en
outre :

une réception, au niveau de l’UE, d’un second
canal de commande à partir de l’eNB de des-
serte, dans lequel le second canal de comman-
de inclut une seconde attribution de ressources
indiquant une largeur de bande et un indicateur
de départ pour un canal de commande de liaison
montante ;
une transmission, par l’UE, de données de com-
mande dans le canal de commande de liaison
montante sur la bande passante et pendant une
première durée à partir de l’indicateur de départ
vers une fin d’une sous-trame correspondante.

8. Procédé selon la revendication 7, dans lequel la se-
conde attribution de ressources indique un second
nombre de groupes de blocs de ressource débutant
à partir d’un second groupe de blocs de ressource
de départ dans l’espace d’affectation pour le canal
de données partagées de liaison montante, et dans
lequel la largeur de bande pour le canal de comman-
de de liaison montante comprend au moins une por-
tion de blocs de ressource d’un premier groupe de
blocs de ressource dans une portion de la pluralité
de symboles correspondant à l’espace d’affectation
pour le canal de données partagées de liaison mon-
tante, et au moins une autre portion de blocs de res-
source d’un dernier groupe de blocs de ressource
dans la portion de la pluralité de symboles.

9. Procédé selon la revendication 8, dans lequel soit :

un premier symbole de la portion de la pluralité
de symboles est retardé d’au moins un nombre
seuil de symboles à partir d’un premier symbole
de l’espace d’affectation pour le canal de don-
nées partagées de liaison montante ; soit
un nombre de la portion de la pluralité de sym-
boles correspond à une taille de l’espace d’af-
fectation pour le canal de données partagées
de liaison montante ; soit la portion de blocs de
ressource correspond à une seconde durée du
canal de commande de liaison montante reçu
dans une configuration à partir de l’eNB de
desserte ; soit
la portion de la pluralité de symboles comprend
un dernier symbole dans la sous-trame corres-
pondante, et dans lequel une transmission des
données de commande comprend une trans-
mission des données de commande dans un
bloc de ressource d’un ou de plusieurs groupes
de blocs de ressource dans le dernier symbole
sur la base d’une indication reçue dans une con-
figuration à partir de l’eNB de desserte ; soit la
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largeur de bande pour le canal de commande
de liaison montante comprend en outre une lar-
geur de bande précoce comprenant au moins
une seconde portion de blocs de ressource d’un
second premier groupe de blocs de ressource
dans une seconde portion de la pluralité de sym-
boles correspondant à l’espace d’affectation
pour le canal de données partagées de liaison
montante, et au moins une autre seconde por-
tion de blocs de ressource d’un second dernier
groupe de blocs de ressource dans la seconde
portion de la pluralité de symboles.

10. Procédé selon la revendication 7, dans lequel la se-
conde attribution de ressources indique en outre des
ressources liées soit :

à un canal de données partagées de liaison des-
cendante et au canal de données partagées de
liaison montante, et dans lequel une transmis-
sion des données de commande comprend une
transmission des données de commande en uti-
lisant au moins un d’un premier décalage cycli-
que pour indiquer un accusé de réception posi-
tif/négatif pour des données reçues sur le canal
de données partagées de liaison descendante
ou d’un second décalage cyclique pour indiquer
une demande de planification pour des ressour-
ces sur le canal de données partagées de liaison
montante ; soit
au canal de données partagées de liaison mon-
tante, et dans lequel une transmission des don-
nées de commande comprend une transmis-
sion, par l’UE, des données de commande en
utilisant au moins un d’un premier décalage de
cycle pour indiquer une demande de planifica-
tion pour des ressources sur le canal de don-
nées partagées de liaison montante ou d’un se-
cond décalage cyclique pour indiquer une de-
mande pour transmettre un indicateur de qualité
de canal.

11. Procédé selon la revendication 7, dans lequel une
transmission des données de commande comprend
une transmission, par l’UE, des données de com-
mande en utilisant au moins un d’un premier déca-
lage cyclique pour indiquer un signal pilote ou d’un
second décalage cyclique pour indiquer une deman-
de de planification pour des ressources sur le canal
de données partagées de liaison montante.

12. Procédé selon la revendication 7, comprenant en
outre une réception, par l’UE, d’un signal de référen-
ce d’informations d’état de canal, CSI, CSI-RS, à
partir de l’eNB de desserte dans une première por-
tion de la sous-trame correspondante, et soit une
transmission des données de commande inclut une
transmission d’un retour de CSI lié au CSI-RS dans

le canal de commande de liaison montante soit le
procédé comprend en outre une transmission d’un
retour de CSI lié au CSI-RS dans le canal de don-
nées partagées de liaison montante.

13. Procédé selon la revendication 12, dans lequel une
transmission du retour de CSI dans le canal de don-
nées partagées de liaison montante est basée au
moins en partie sur une détermination du fait que le
canal de données partagées de liaison montante se
heurte au canal de commande de liaison descen-
dante.

14. Appareil de communication à l’aide d’une largeur de
bande configurable, comprenant :

un moyen (806) de réception (1102), au niveau
d’un équipement d’utilisateur, UE, (115 ; 206 ;
802), d’un canal de commande à partir d’un
nœud B évolué, eNB, (105 ; 204 ; 804) de des-
serte, dans lequel le canal de commande inclut
une attribution de ressources pour un canal de
données partagées de liaison montante dans un
espace d’affectation, dans lequel :

l’espace d’affectation est divisé dans le
temps et contient des communications de
liaison descendante, suivies par une pério-
de de garde, suivies par des communica-
tions de liaison montante et inclut une plu-
ralité de groupes de blocs de ressource
dans un domaine fréquentiel sur une plura-
lité de symboles OFDM dans un domaine
temporel ; et
l’attribution de ressources indique un nom-
bre de groupes de blocs de ressource inclus
dans la pluralité de groupes de blocs de res-
source dans le domaine fréquentiel sur un
nombre de symboles OFDM dans le domai-
ne temporel débutant à partir d’un groupe
de blocs de ressource de départ dans l’es-
pace d’affectation et continuant à travers le
nombre de groupes de blocs de ressource
dans l’espace d’affectation sur le domaine
fréquentiel tout d’abord puis sur le domaine
temporel ;

un moyen (806) de transmission, par l’UE, de
données dans le canal de données partagées
de liaison montante dans le nombre de groupes
de blocs de ressource ;
un moyen (812) de détermination (1108) d’un
symbole OFDM (526) pour une transmission
d’un ou de plusieurs signaux de référence de
démodulation, DM-RS, dans l’espace d’affecta-
tion, dans lequel le symbole est utilisé par une
pluralité d’UE pour transmettre des DM-RS ;
un moyen (812) de détermination (1108) d’un
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ou de plusieurs groupes de blocs de ressource
à l’intérieur du symbole OFDM pour une trans-
mission des un ou plusieurs DM-RS ; et
un moyen (806) de transmission (1110) des un
ou plusieurs DM-RS dans les un ou plusieurs
groupes de blocs de ressource dans le symbole
OFDM.

15. Support lisible par ordinateur stockant un code exé-
cutable par ordinateur pour une communication en
utilisant une largeur de bande configurable, le code
comprenant des instructions qui, lorsqu’exécutées
par un ordinateur, amènent l’ordinateur à réaliser le
procédé selon l’une quelconque des revendications
1 à 13.
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