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(57) ABSTRACT

The method includes determining which of one or more
physical resource elements are to include a reference signal.
The method includes generating a signaling message includ-
ing information indicating the determined physical resource
elements that are to include a reference signal, and transmit-
ting the signaling message to user equipment.
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METHOD AND APPARATUS FOR SIGNALING
TO SUPPORT FLEXIBLE REFERENCE
SIGNAL CONFIGURATION

BACKGROUND OF THE INVENTION

[0001] Embodiments relate to signaling reference signals
in a wireless network, for example, a Long Term Evolution
(LTE) wireless network.

[0002] The 3GPP Long Term Evolution (LTE) represents a
major advance in cellular technology. LTE is designed to
meet carrier needs for high-speed data and media transport as
well as high-capacity voice support well into the next decade.
LTE encompasses high-speed data, multimedia unicast and
multimedia broadcast services.

[0003] TheLTE physical layer (PHY)is an efficient mecha-
nism for conveying both data and control information
between an enhanced base station (eNodeB) and mobile user
equipment (UE). The LTE PHY employs some advanced
technologies to cellular applications. These technologies
include Orthogonal Frequency Division Multiplexing
(OFDM) and Multiple Input Multiple Output (MIMO) data
transmission. In addition, the LTE PHY uses Orthogonal
Frequency Division Multiple Access (OFDMA) on the down-
link (DL) and Single Carrier-Frequency Division Multiple
Access (SC-FDMA) on the uplink (UL). OFDMA allows
data to be directed to or from multiple users on a subcarrier-
by-subcarrier basis for a specified number of symbol periods.

[0004] Existing carriers in LTE systems include Cell-Spe-
cific Reference Signals (CRS) in certain Resource Elements
(REs) in every subframe.

[0005] 1Inarecent LTE release, new types of carriers are to
be introduced, one aim of which is to reduce overhead from
non-data-bearing signals such as CRS. However, simply to
omit the CRS is not necessarily possible, because the CRS
may continue to be required for the UEs to make measure-
ments (e.g. for monitoring of the serving radio link or for
measuring interference in neighboring cells) and/or for the
UEs to maintain synchronization.

[0006] Similar issues exist with the Channel State Informa-
tion Reference Signals (CSI-RS). Although the CSI-RS are
not transmitted in every subframe (unlike the CRS), they are
nonetheless transmitted using the full system bandwidth and
with a periodicity which is configured semi-statically (i.e.
cannot be modified dynamically). Reducing the bandwidth of
the reference signals would also have the advantage of
enabling the transmission bandwidth of the carrier to be better
matched to the bandwidth that may be available.

[0007] Solutions have been proposed where the CRS and/
or CSI-RS may be transmitted only in certain resource blocks
or only in certain subframes. The solution is to signal a
bandwidth over which UEs are expected to make measure-
ments (known as the “set S” subbands). However, the details
of'the signaling have not been proposed. Moreover, signaling
the subbands for measurements is not sufficient, because even
UEs which have no measurements configured are required to
know in which PRBs the reference signals are present, for
synchronization/tracking purposes.

[0008] A further shortcoming of the aforementioned solu-
tion is that the CSI-RS are configured with a periodicity and
a time offset. However, simply reconfiguring the periodicity
may not provide sufficient flexibility. For example, short
regular bursts of a few subframes in which reference signals
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are provided, with no reference signals in the subframes
between the bursts, may be a useful configuration for making
measurements.

[0009] A fully flexible approach, with a complete 2-dimen-
sional bit-map of, for example, 110 RBs in the frequency
domain and 40 subframes in the time domain, thus including
4400 bits, is impractical and itself constitutes a higher over-
head which would make it prohibitive to adapt the reference
signal pattern.

[0010] Example embodiments provide a method and appa-
ratus to reduce overhead but do not remove required reference
signals.

SUMMARY OF THE INVENTION

[0011] One embodiment includes a method for signaling a
reference signal. The method includes determining which of
one or more physical resource elements are to include a
reference signal. Generating a signaling message including
information indicating the determined physical resource ele-
ments that are to include a reference signal, and transmitting
the signaling message to user equipment.

[0012] Another embodiment includes a method for using a
reference signal. The method includes receiving a signaling
message including information indicating which of a plural-
ity of physical resource elements include the reference signal,
and using the reference signal in at least one of the indicated
physical resource elements for at least one of detection, syn-
chronization and measurements of a carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention will become more fully
understood from the detailed description given herein below
and the accompanying drawings, wherein like elements are
represented by like reference numerals, which are given by
way of illustration only and thus are not limiting of the present
invention and wherein:

[0014] FIG. 1 illustrates a block diagram of a wireless
communication network according to example embodiments.
[0015] FIG. 2 illustrates an evolved Node B (eNodeB)
according to an example embodiment.

[0016] FIG. 3 illustrates a user equipment (UE) according
to an example embodiment.

[0017] FIG. 4 illustrates a method of signaling a reference
signal according to an example embodiment.

[0018] FIG. 5 illustrates a method of using a reference
signal according to an example embodiment.

[0019] FIG. 6 illustrates reference signals interspersed
among resource elements.

[0020] FIGS. 7A-C illustrates a signaling message accord-
ing to an example embodiment.

[0021] It should be noted that these Figures are intended to
illustrate the general characteristics of methods, structure
and/or materials utilized in certain example embodiments and
to supplement the written description provided below. These
drawings are not, however, to scale and may not precisely
reflect the precise structural or performance characteristics of
any given embodiment, and should not be interpreted as
defining or limiting the range of values or properties encom-
passed by example embodiments. For example, the relative
thicknesses and positioning of layers, regions and/or struc-
tural elements may be reduced or exaggerated for clarity. The
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use of similar or identical reference numbers in the various
drawings is intended to indicate the presence of a similar or
identical element or feature.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0022] While example embodiments are capable of various
modifications and alternative forms, embodiments thereofare
shown by way of example in the drawings and will herein be
described in detail. It should be understood, however, that
there is no intent to limit example embodiments to the par-
ticular forms disclosed, but on the contrary, example embodi-
ments are to cover all modifications, equivalents, and alter-
natives falling within the scope of the claims. Like numbers
refer to like elements throughout the description of the fig-
ures.

[0023] Before discussing example embodiments in more
detail, it is noted that some example embodiments are
described as processes or methods depicted as flowcharts.
Although the flowcharts describe the operations as sequential
processes, many of the operations may be performed in par-
allel, concurrently or simultaneously. In addition, the order of
operations may be re-arranged. The processes may be termi-
nated when their operations are completed, but may also have
additional steps not included in the figure. The processes may
correspond to methods, functions, procedures, subroutines,
subprograms, etc.

[0024] Methods discussed below, some of which are illus-
trated by the flow charts, may be implemented by hardware,
software, firmware, middleware, microcode, hardware
description languages, or any combination thereof. When
implemented in software, firmware, middleware or micro-
code, the program code or code segments to perform the
necessary tasks may be stored in a machine or computer
readable medium such as a storage medium. A processor(s)
may perform the necessary tasks.

[0025] Specific structural and functional details disclosed
herein are merely representative for purposes of describing
example embodiments of the present invention. This inven-
tion may, however, be embodied in many alternate forms and
should not be construed as limited to only the embodiments
set forth herein.

[0026] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a first element could be termed a second ele-
ment, and, similarly, a second element could be termed a first
element, without departing from the scope of example
embodiments. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

[0027] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

[0028] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
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be limiting of example embodiments. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises,” “comprising,” “includes” and/or “including,” when
used herein, specify the presence of stated features, integers,
steps, operations, elements and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components and/
or groups thereof.

[0029] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. For example, two figures shown
in succession may in fact be executed concurrently or may
sometimes be executed in the reverse order, depending upon
the functionality/acts involved.

[0030] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, e.g., those defined in commonly used dic-
tionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0031] Portions of the example embodiments and corre-
sponding detailed description are presented in terms of soft-
ware, or algorithms and symbolic representations of opera-
tion on data bits within a computer memory. These
descriptions and representations are the ones by which those
of ordinary skill in the art effectively convey the substance of
their work to others of ordinary skill in the art. An algorithm,
as the term is used here, and as it is used generally, is con-
ceived to be a self-consistent sequence of steps leading to a
desired result. The steps are those requiring physical manipu-
lations of physical quantities. Usually, though not necessarily,
these quantities take the form of optical, electrical, or mag-
netic signals capable of being stored, transferred, combined,
compared, and otherwise manipulated. It has proven conve-
nient at times, principally for reasons of common usage, to
refer to these signals as bits, values, elements, symbols, char-
acters, terms, numbers, or the like.

[0032] As used herein, the term “mobile unit” may be con-
sidered synonymous to, and may hereafter be occasionally
referred to, as a client, user equipment, mobile station, mobile
user, mobile, subscriber, user, remote station, access terminal,
receiver, etc., and may describe a remote user of wireless
resources in a wireless communication network.

[0033] Similarly, as used herein, the term “evolved Node
B” or “eNodeB” may be considered synonymous to, and may
hereafter be occasionally referred to, as a Node B, base sta-
tion, base transceiver station (BTS), etc., and may describe a
transceiver in communication with and providing wireless
resources to mobiles in a wireless communication network
which may span multiple technology generations. As dis-
cussed herein, base stations may have all functionally asso-
ciated with conventional, well-known base stations in addi-
tion to the capability to perform the methods discussed
herein.

[0034] In the following description, illustrative embodi-
ments will be described with reference to acts and symbolic
representations of operations (e.g., in the form of flowcharts)
that may be implemented as program modules or functional
processes include routines, programs, objects, components,
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data structures, etc., that perform particular tasks or imple-
ment particular abstract data types and may be implemented
using existing hardware at existing network elements. Such
existing hardware may include one or more Central Process-
ing Units (CPUs), digital signal processors (DSPs), applica-
tion-specific-integrated-circuits (ASIC), field programmable
gate arrays (FPGAs) computers or the like.

[0035] It should be borne in mind, however, that all of these
and similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise, or as
is apparent from the discussion, terms such as “processing” or
“computing” or “calculating” or “determining” of “display-
ing” or the like, refer to the action and processes of a computer
system, or similar electronic computing device, that manipu-
lates and transforms data represented as physical, electronic
quantities within the computer system’s registers and memo-
ries into other data similarly represented as physical quanti-
ties within the computer system memories or registers or
other such information storage, transmission or display
devices.

[0036] Note also that the software implemented aspects of
the example embodiments are typically encoded on some
form of program storage medium or implemented over some
type of transmission medium. The program storage medium
may be magnetic (e.g., a floppy disk or a hard drive) or optical
(e.g., acompact disk read only memory, or “CD ROM”), and
may be read only or random access. Similarly, the transmis-
sion medium may be twisted wire pairs, coaxial cable, optical
fiber, or some other suitable transmission medium known to
the art. The example embodiments not limited by these
aspects of any given implementation.

[0037] FIG. 1 illustrates a wireless communication net-
work 100 that includes an access gateway 120 having one or
more associated eNodeBs 115. The access gateway 120 is
communicatively coupled to a core network (CN) 125 that is,
in turn, communicatively coupled to one or more external
networks 130, such as the Internet or other packet data net-
works. Based on this arrangement, the network 100 commu-
nicatively couples user equipment (UE) 105 to each other
and/or to other user equipment or systems accessible via the
external networks 130. The access gateway 120 coverage area
may include a plurality of cells 110-1, 110-2, 110-3.

[0038] The wireless communication network 100 may be
an Evolved Universal Terrestrial Radio Access Network
(E-UTRAN). Long Term Evolution (LTE) is the name given
to a project to improve the Universal Mobile Telecommuni-
cations System (UMTS) standard to cope with future require-
ments. In one aspect, UMTS has been modified to provide for
the E-UTRAN as a fourth generation (4G) wireless network.
[0039] An E-UTRAN may include eNodeBs 115, which
provide the Evolved Universal Terrestrial Radio Access
(E-UTRA) user plane (PDCP/RLC/MAC/PHY) and control
plane (RRC) protocol terminations with a user equipment
(UE) 105. The eNodeBs may be interconnected with each
other by an X2 interface.

[0040] As discussed herein, eNodeB 115 refers to a base
station that provides radio access to UEs 115 within a given
coverage area (e.g., TA 110-1, 110-2, 110-3). This coverage
area is referred to as a cell. However, as is known, multiple
cells are often associated with a single eNodeB.

[0041] As is known, the access gateway 100 controls, inter
alia, user radio access network (RAN) mobility management
procedures and user session management procedures.
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[0042] Forexample, the access gateway 100 controls a UEs
105 tracking and reachability. The access gateway 100 also
controls and executes transmission and/or retransmission of
signaling messages such as paging messages for notifying
destination UEs 105 of impending connection requests (e.g.,
when UEs 105 are being called or when network initiated data
intended for the UE 105 is coming).

[0043] When the access gateway 100 is notified of a con-
nection request for a UE 105, the access gateway 100 sends a
paging message to each eNodeB 115 within the UE’s tracking
area. In response to receiving the paging messages, the eNo-
deBs 115 broadcast the paging messages on a slower signal-
ing control channel such as the Paging Control Channel
(PCCH) or Broadcast Control Channel (BCCH). These con-
trol channels broadcast the signaling messages to the entire
coverage area of the cell. Conventionally, the slower signal-
ing control channels are used because the data rate is limited
for UEs 105 near edges of cells due to their distance, inter-cell
interference, as well as the use of lower code rate and lower
level of modulation (e.g., quadrature phase shift keying
(QPSK)).

[0044] Further, once a UE 105 is notified of an incoming
connection request (via a paging message), the UE 105 and
the radio access network (RAN) exchange messages to setup
a connection with an evolved packet system (EPS) default
bearer. The EPS default bearer is normally a best effort Inter-
net Protocol (IP) connection. The actual IP services requested
(e.g., for a voice call over IP) are communicated only after
setting up the initial connection. The specific application(s)
involved are then started and their associated dedicated EPS
bearers with specific quality of service (QoS) are established.
In this instance, some undesirable delay exists and impacts
the wireless user’s experience for both the calling user and the
called user.

[0045] FIG. 2 illustrates an evolved Node B (eNodeB)
according to an example embodiment. As shown in FIG. 2,
the eNodeB 115 includes, at least, a reference signal genera-
tion module 205, a processor 210 and a memory 215. The
processor 210 and the memory 215 are known to those skilled
in the art and will not be discussed further for the sake of
brevity. The reference signal generation module 205 may be
a software module, an application specific integrated circuit
(ASIC) and/or any combination thereof.

[0046] The reference signal generation module 205 may be
configured to determine which of a plurality of physical
resource elements (PRE) associated with a physical resource
block (PRB) are to include a reference signal. The reference
signal generation module 205 may be further configured to
generate a signaling message. The signaling message may
include information indicating the determined PRE(s). Fur-
ther details regarding the operation of the eNodeB 115 are
discussed below with regard to FIG. 4.

[0047] FIG. 3 illustrates a user equipment (UE) according
to an example embodiment. As shown in FIG. 3, the UE 105
includes, at least, a reference signal determination module
305, a processor 310 and a memory 315. The processor 310
and the memory 315 are known to those skilled in the art and
will not be discussed further for the sake of brevity. The
reference signal determination module 305 may be a software
module, an application specific integrated circuit (ASIC) and/
or any combination thereof.

[0048] Thereference signal determination module 305 may
be configured to receive a signaling message including infor-
mation indicating which of a plurality of physical resource
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elements (PRE) include a reference signal. The reference
signal determination module 305 may be configured to use
the reference signal in at least one of the indicated physical
resource elements for at least one of detection, synchroniza-
tion and measurements of a carrier. Further details regarding
the operation of the UE 105 are discussed below with regard
to FIG. 5.

[0049] According to example embodiments, signaling is
used to inform the UEs as to which resource elements (RE) in
a physical resource block (PRB), and which PRBs, contain
reference signals. The signaling message (see FIGS. 7A-C
described in more detail below) may include a number nl of
frequency-domain bitmaps to indicate which REs and/or
PRBs in the frequency domain contain reference signals, and
a further time-domain symbol map comprising n2 symbols to
indicate which subframes contain reference signals and
which of the said n1 frequency-domain bitmaps is applicable
in each subframe. The number of bits per symbol in the
time-domain symbol map is substantially equal to, for
example [log,(n,+1)], and n2 may be greater than or signifi-
cantly greater than nl.

[0050] The signaling may be broadcast, or UE-specific
(dedicated). According to example embodiments the number
of different frequency-domain configurations of the reference
signals may be minimal. However, in the time domain, it may
be useful to provide significantly more flexibility, in order to
adapt to traffic loading and interference coordination with
neighboring cells, as well as allowing energy saving at the
base station.

[0051] Example embodiments further provide dynamic RS
resource allocation for timing, synchronization, Channel
State Information (CSI), Radio Resource Management
(RRM), and Radio Link Monitoring (RLM) measurements.
[0052] One embodiment includes a method for signaling a
reference signal. The method includes determining which of
one or more physical resource elements and/or PRBs are to
include a reference signal. Generating a signaling message
including information indicating the determined physical
resource elements and/or PRBs that are to include a reference
signal, and transmitting the signaling message to user equip-
ment.

[0053] FIG. 4 illustrates a method of signaling a reference
signal according to an example embodiment. While describ-
ing the steps of the method associated with FIG. 4, reference
will be made to the network of FIG. 1 and the eNodeB 115 of
FIG. 2.

[0054] Instep S405 the reference signal generation module
205 receives a request for resources. For example, a user
equipment (e.g., UE 105) may use a known method to request
to join a wireless network (e.g., wireless communication net-
work 100). Alternatively, a user equipment (e.g., UE 105)
may use a known method to request additional resources from
a wireless network (e.g., wireless communication network
100). Further, step S405 is an optional step the result of which
is discussed in more detail below.

[0055] Instep S410 the reference signal generation module
205 determines which of one or more physical resource ele-
ments (PRE) are to include a reference signal. For example,
referring to FIG. 6 each of the blocks in the grid may represent
a single PRE. The PREs in one slot over 12 subcarriers are
collectively known in the art as a physical resource block
(PRB). Returning to step S410, the reference signal genera-
tion module 205 may select a single PRE. For example, the
reference signal generation module 205 may select the PRE
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indicated by an ‘A’ in FIG. 6 as the PRE to include the
reference signal. Alternatively, the reference signal genera-
tion module 205 may select a PRE in each slot indicated with
an ‘X’inFIG. 6 as the PREs each including a reference signal.

[0056] Although two examples were described for select-
ing PREs to include a reference signal, example embodiments
are not limited thereto. Any number of or combination of
PREs may be selected to include a reference signal. However,
the number of PREs selected may be minimized. Further, a
single PRE may be selected as associated with more than one
PRB.

[0057] Instep S415 the reference signal generation module
205 generates a signaling message. The signaling message
may include information indicating the PRE(s) and/or PRBs
that include the reference signal. The signaling message is
described in more detail below with regard to FIGS. 7A-C.

[0058] Instep S420 the reference signal generation module
205 determines a signaling message transmission type or
mode. For example, the signaling message transmission type
or mode may be a dedicated mode or a broadcast mode. For
example, if the request for resources (described above with
regard to step S405) may be associated with a configuration of
the carrier for the UE, the transmission type or mode may be
a dedicated mode along with the carrier configuration signal-
ing information for the UE to detect the carrier (e.g., during a
UE logon). For example, the eNodeB 115 may be configured
to broadcast the signaling message (e.g., broadcast mode) at
afixed and/or alternatively predetermined time interval. Ifthe
eNodeB 115 is in a broadcast mode, step S405 may not be
necessary.

[0059] Instep S425 the reference signal generation module
205 transmits the signaling message using the determined
transmission type. The reference signal generation module
205 may transmit the signaling message via the eNodeB (e.g.,
using an over the air interface) using a method known to those
skilled in the art. Therefore, transmitting the signaling mes-
sage will not be described further for the sake of brevity.

[0060] As one skilled in the art will appreciate, the method
steps described above with regard to FIG. 4 may be performed
in a variety of orders and not necessarily in the order
described above. For example, step S420 may be the first step,
or, alternatively step S410 may be the first step, or, alterna-
tively step S415 may be the first step. Further, the method
described above with regard to FIG. 4 may be executed as
software on one or more processors associated with a eNodeB
and/or using an application specific integrated circuit (ASIC)
and/or any combination thereof.

[0061] One embodiment includes a method for using a
reference signal. The method includes receiving a signaling
message including information indicating which of a plural-
ity of physical resource elements include the reference signal,
and using the reference signal in at least one of the indicated
physical resource elements for at least one of detection, syn-
chronization and measurements of a carrier.

[0062] FIG. 5 illustrates a method of using a reference
signal according to an example embodiment. While describ-
ing the steps of the method associated with FIG. 5, reference
will be made to the network of FIG. 1 and the UE 105 of FIG.
3.

[0063] In step S505 the processor 310 transmits a request
for resources. For example, the processor 310 may use a
known method to request to join a wireless network (e.g.,
wireless communication network 100). Alternatively, the pro-
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cessor 310 may use a known method to request additional
resources from a wireless network (e.g., wireless communi-
cation network 100).

[0064] In step S510 the reference signal determination
module 305 receives a signaling message. The signaling mes-
sage may include information indicating the physical
resource blocks (PRB) that include a reference signal. The
signaling message is described in more detail below with
regard to FIGS. 7A-C.

[0065] In step S515 the reference signal determination
module 305 determines which of one or more PRE(s) include
the reference signal. For example, the reference signal deter-
mination module 305 may determine the PRE indicated by an
‘A’ in FIG. 6 as the PRE to include the reference signal.
Alternatively, the reference signal determination module 305
may determine the PRE in each slot indicated with an ‘X’ in
FIG. 6 as the PREs each including a reference signal. The
determination is based on the signaling message which is
described in more detail below with regard to FIGS. 7TA-C.
[0066] Instep S520 the processor 310 receives one or more
PRB’s. Receiving PRB’s is known to those skilled in the art
and will not be described in more detail for the sake of brevity.
[0067] In step S525 the reference signal determination
module 305 determines information from the reference sig-
nal. For example, the reference signal determination module
305 may determine carrier offset estimates, channel estima-
tion values and time/frequency synchronization values and
the like from the reference signal.

[0068] In step S530 the processor 310 uses the reference
signal from the determined PRE. For example, the processor
310 may use the carrier offset estimates, channel estimation
values and time/frequency synchronization values and the
like from the reference signal. The processor 310 may use the
carrier offset estimates, channel estimation values and time/
frequency synchronization values for detection and measure-
ments of a carrier (e.g., carriers in LTE systems as described
above in more detail with regard to FIG. 1).

[0069] As one skilled in the art will appreciate, the method
steps described above with regard to FIG. 5 may be performed
in a variety of orders and not necessarily in the order
described above. Further, the method described above with
regard to FIG. 5 may be executed as software on one or more
processors associated with a user equipment and/or using an
application specific integrated circuit (ASIC) and/or any
combination thereof.

[0070] FIG. 6 illustrates reference signals interspersed
among resource elements in a pair of PRBs. According to
example embodiments, using the methods described above
with regard to FIGS. 4 and 5, reference signals may be trans-
mitted during any OFDM symbols. Further, FIG. 6 shows
eight resource elements (indicated by an ‘R’ being used for
reference signals in the pair of PRBs. By contrast, according
to example embodiments, a variable number of resource ele-
ments, even as few as one resource element, may be used in a
pair of PRBs allowing a greater number of the resource ele-
ments to be used for voice/data traffic.

[0071] FIGS. 7A-C illustrate a signaling message accord-
ing to an example embodiment. As shown in FIG. 7A, the
signaling message includes one or more frequency bitmaps
(e.g., first frequency domain bitmap and second frequency
domain bitmap) and a time-domain symbol map including
one or more symbols 705-1 to 705-7.

[0072] According to example embodiments each bit in the
frequency-domain bit-maps (e.g., first frequency domain bit-
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map and second frequency domain bitmap) may correspond
to one PRB or to multiple PRBs (e.g., a subband). For
example, one of the bits in the frequency domain bitmap may
include a bit corresponding to a first PRB (or group of PRBs)
in the frequency domain. For example, a value of 0 may
indicate that the PRB (or group of PRBs) does not contain
reference signals. A value of 1 may indicate that the PRB (or
group of PRBs) does contain reference signals.

[0073] Symbols 705-1 to 705-» may include one symbol
corresponding to one subframe. For example, the symbol
705-1 to 705-r may include two bits. For example, a value of
00 may indicate that the corresponding subframe contains no
reference signals. A value of 01 may indicate that the corre-
sponding subframe contains reference signals in the PRBs (or
groups of PRBs) for which the associated bit in the first
frequency-domain bit-map is set to 1. A value of 10 may
indicate that the corresponding subframe contains reference
signals in the PRBs (or groups of PRBs) for which the asso-
ciated bit in the second frequency-domain bit-map is set to 1.
[0074] For example, FIG. 7B shows a signaling message
according to an example embodiment with 6 PRBs in the
frequency domain across the system bandwidth. It has been
determined that reference signals will be provided in RE
indicated by an ‘A’ in only the central 2 PRBs in some sub-
frames and in the outer PRBs in other subframes, and thus two
frequency-domain bitmaps are provided. The time-domain
bitmap is configured to indicate that subframe numbers 0 and
5 contain reference signals, using the first and second fre-
quency domain bitmaps respectively.

[0075] Further, according to example embodiments, addi-
tional bits may be included in the frequency-domain bit-maps
or in the symbols of the time-domain bit-maps to indicate
different frequency-domain configurations for different types
of reference signals. For example, two additional bits per
symbol in the time-domain bit-map may be used to indicate
whether the indicated frequency-domain pattern for that sub-
frame applies to Cell-Specific Reference Signals (CRS) or
Channel State Information Reference Signals (CSI-RS) or
both, as shown in the example in FIG. 7C, where the time-
domain bitmap is configured to indicate that subframe num-
bers 0 and 5 contain CRS (indicated by 01 in the first two bits
of the corresponding symbols), subframe numbers 2 and 7
contain CSI-RS (indicated by 10 in the first two bits of the
corresponding symbols), and subframe number 9 contains
both CRS and CSI-RS.

[0076] Alternatively, the use of two bits per PRB or group
of PRBs in the frequency-domain bitmap could be used to
indicate whether the PRB or group of PRBs contains no
reference signals, CRS, CSI-RS or CRS+CSI-RS.

[0077] Although the above example embodiments
describes the steps as being performed by the network entities
illustrated in FIG. 1, example embodiments are not limited
thereto. For example, the above steps (regarding the method
steps of FIGS. 3-4) may be performed by alternative network
components.

[0078] Alternative embodiments of the invention may be
implemented as a computer program product for use with a
computer system, the computer program product being, for
example, a series of computer instructions, code segments or
program segments stored on a tangible or non-transitory data
recording medium (computer readable medium), such as a
diskette, CD-ROM, ROM, or fixed disk, or embodied in a
computer data signal, the signal being transmitted over a
tangible medium or a wireless medium, for example, micro-
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wave or infrared. The series of computer instructions, code
segments or program segments can constitute all or part of the
functionality of the methods of example embodiments
described above, and may also be stored in any memory
device, volatile or non-volatile, such as semiconductor, mag-
netic, optical or other memory device.

[0079] While example embodiments have been particularly
shown and described, it will be understood by one of ordinary
skill in the art that variations in form and detail may be made
therein without departing from the spirit and scope of the
claims.

[0080] The invention being thus described, it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the invention,
and all such modifications are intended to be included within
the scope of the invention.

We claim:

1. A method for signaling a reference signal, the method
comprising:

determining which of one or more physical resource ele-

ments are to include a reference signal;

generating a signaling message including information

indicating the determined physical resource elements
that are to include a reference signal; and

transmitting the signaling message to at least one user

equipment.

2. The method of claim 1, wherein the one or more physical
resource elements are associated with one or more physical
resource blocks.

3. The method of claim 1, wherein the signaling message
includes one or more frequency domain bitmaps.

4. The method of claim 3, wherein the one or more fre-
quency domain bitmaps correspond to one or more physical
resource blocks.

5. The method of claim 3, wherein the one or more fre-
quency domain bitmaps indicate different frequency-domain
configurations for different types of reference signals.

6. The method of claims 3, wherein each of the one or more
frequency domain bitmaps further indicates to which type of
reference signal the frequency domain bitmap applies.

7. The method of claims 4, wherein each of the one or more
frequency domain bitmaps further indicates to which type of
reference signal the frequency domain bitmap applies.

8. The method of claims 5, wherein each of the one or more
frequency domain bitmaps further indicates to which type of
reference signal the frequency domain bitmap applies.

9. The method of claim 3, wherein

the signaling message includes a time domain symbol map

having one or more symbols indicating whether or not a

corresponding subframe contains reference signals, and
the one or more symbols indicate a corresponding fre-

quency domain bitmap for an associated subframe.

10. The method of claim 1, comprising:

determining a mode associated with the transmission of the

signaling message, wherein

Aug. 1,2013

transmitting the signaling message includes using the

determined mode, and

the mode is one of a broadcast mode and a dedicated mode.

11. A method for using a reference signal, the method
comprising:

receiving a signaling message including information indi-

cating which of a plurality of physical resource elements
include the reference signal; and

using the reference signal in at least one of the indicated

physical resource elements for at least one of detection,
synchronization and one or more measurements of a
carrier.

12. The method of claim 11, wherein the signaling message
includes one or more frequency domain bitmaps.

13. The method of claim 12, wherein the one or more
frequency domain bitmaps correspond to one or more physi-
cal resource blocks.

14. The method of claim 12, wherein the one or more
frequency domain bitmaps indicate different frequency-do-
main configurations for different types of reference signals.

15. The method of claim 12, wherein the one or more
frequency domain bitmaps indicate whether or not a sub-
frame applies to Cell-Specific Reference Signals or Channel
State Information Reference Signals.

16. The method of claim 12, wherein the signaling message
includes a time domain symbol map having one or more
symbols indicating whether or not a corresponding subframe
contains reference signals.

17. The method of claim 16, wherein the one or more
symbols indicate a corresponding frequency domain bitmap
that indicates a reference signal for an associated subframe.

18. The method of claim 11, wherein receiving the signal-
ing message includes receiving the signaling message over
one of a dedicated channel associated with a carrier and a
broadcast channel

19. A network element comprising:

a processor configured to,

determine which of one or more physical resource ele-
ments are to include a reference signal,

generate a signaling message including information
indicating the determined physical resource elements
that include a reference signal, and

transmit the signaling message to at least one user equip-
ment.

20. A user equipment comprising:

a processor configured to,

receive a signaling message including information indi-
cating which of a plurality of physical resource ele-
ments include the reference signal, and

use the reference signal in at least one of the indicated
physical resource elements for at least one of detec-
tion, synchronization and one or more measurements
of a carrier.
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