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SMALL CELL EVOLVED MULTIMEDIA BROADCAST
MULTICAST SERVICE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority under 35 U.S.C. 119(e) to provisional
application Serial No. 61/771,726 filed March 1, 2013, which application is
incorporated by reference herein, in its entirety.
FIELD
[0002] Aspects of the present disclosure relate generally to wireless communication
systems, and more particularly, to managing implementation of Evolved Multimedia

Broadcast Multicast Service (eMBMS) involving small cells of a wireless network.

BACKGROUND

[0003] Wireless communication networks are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks include Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
(SC-FDMA) networks.

[0004] A wireless communication network may include a number of base stations that
can support communication for a number of user equipments (UEs). A UE may
communicate with a base station via the downlink and uplink. The downlink (or
forward link) refers to the communication link from the base station to the UE, and the
uplink (or reverse link) refers to the communication link from the UE to the base
station.

[0005] The 3rd Generation Partnership Project (3GPP) Long Term Evolution (LTE)
advanced cellular technology as an evolution of Global System for Mobile
communications (GSM) and Universal Mobile Telecommunications System (UMTS).
The LTE physical layer (PHY) provides an efficient way to convey both data and
control information between base stations, such as an evolved Node Bs (eNBs), and
mobile entities, such as UEs. In prior applications, a method for facilitating high

bandwidth communication for multimedia has been single frequency network (SFN)
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operation. SFNs utilize radio transmitters, such as, for example, eNBs, to communicate
with subscriber UEs. In unicast operation, each eNB is controlled so as to transmit
signals carrying information directed to one or more particular subscriber UEs. The
specificity of unicast signaling enables person-to-person services such as, for example,
voice calling, text messaging, or video calling.

[0006] In broadcast operation, several eNBs in a broadcast area broadcast signals in a
synchronized fashion, carrying information that can be received and accessed by any
subscriber UE in the broadcast area. The generality of broadcast operation enables
greater efficiency in transmitting information of general public interest, for example,
event-related multimedia broadcasts. As the demand and system capability for event-
related multimedia and other broadcast services has increased, system operators have
shown increasing interest in making use of broadcast operation in 3GPP networks. At
the same time, wireless networks have seen increasing addition of small, low-power
cells such as femto cells and pico cells. Broadcasting eMBMS signals from small cells
may raise issues in wireless networks involving handover, idle mode behavior, and

related small cell e MBMS management issues.

SUMMARY

[0007] Methods, apparatus and systems for managing implementation of eMBMS
involving small cells of a wireless network, are described in detail in the detailed
description, and certain aspects are summarized below. This summary and the
following detailed description should be interpreted as complementary parts of an
integrated disclosure, which parts may include redundant subject matter and/or
supplemental subject matter. An omission in either section does not indicate priority or
relative importance of any element described in the integrated application. Differences
between the sections may include supplemental disclosures of alternative embodiments,
additional details, or alternative descriptions of identical embodiments using different
terminology, as should be apparent from the respective disclosures.

[0008] In an aspect, a method by a small cell for wireless communication may include
receiving, by the small cell, a wireless Multicast-Broadcast Single Frequency Network
(MBSFN) signal from a macro cell, wherein the small cell is characterized by having a
transmit power substantially less than each macro cell in a wireless communication
network with the small cell. The method may further include obtaining, by the small

cell, a measurement value of the MBSFN signal within a radio range of the small cell.
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The method may further include acting, by the small cell, based on the measurement
value. The small cell may be, or may include, at least one of a pico cell, a femto cell, or
a home evolved Node B (HeNB).

[0009] In an aspect, the obtaining may be performed by measuring a metric of the
MBSFN signal as received at the small cell. For example, the metric may be selected
from Reference Signal Received Power (RSRP), Reference Signal Received Quality
(RSRQ), or Signal-to-Noise Ratio (SNR).

[0010] In another aspect, the obtaining may be performed by receiving information
from a user equipment (UE) in radio range of the small cell. In such case, the
information may include a report indicating at least one of: a UE interest in an MBSFN
service, or an MBSFN signal strength. The information may be received by the small
cell, for example, via a Physical Random Access Channel (PRACH) signal from the
UE. In an aspect, the UE may provide the information only if an MBSFN signal
strength measured by the UE is less than a threshold value.

[0011] In another aspect, the acting by the small cell based on the measurement value
may include setting a transmit power for transmitting the MBSFN signal from the small
cell. For example, setting the transmit power may include ramping up the transmit
power based on a number of contiguous MBSFN subframes to be transmitted from the
small cell.

[0012] In an alternative aspect, or in addition, the acting may include determining
whether to transmit an MBSFN signal from the small cell. Performing the determining
whether to transmit an MBSFN signal may be further based, for example, on whether
the small cell is transmitting a unicast signal. When the small cell is transmitting, or
about to transmit the MBSFN signal, the method may further include reporting at least
one of MBSFN transmission status, MBSFN transmit power, and unicast transmission
status of the small cell to a Multicast Coordinating Entity (MCE). Accordingly, in
another aspect of the method, the MCE may determine a data rate Modulation and
Coding Scheme (MCS) for the MBSFN signal based at least in part on whether the
small cell is transmitting a unicast signal.

[0013] In an alternative aspect, or in addition, the acting may be further based on a data
quality requirement for the MBSFN signal. In such cases, the method may further
include determining the data quality requirement based on a data rate Modulation and
Coding Scheme (MCS) used in the MBSFN signal. In an alternative, or in addition, the

method may include determining the data quality requirement based on a data rate
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Modulation and Coding Scheme (MCS) used by a user equipment (UE) receiving the
MBSFN signal within radio range of the small cell. In an aspect, the method may
include modulating power of MBSFN symbols transmitted by the small cell based on
the data quality requirement.

[0014] In another aspect, a method by a mobile entity for wireless communication may
include receiving, by a mobile entity from a network, at least one of frequency
information or cell ID information for at least one of a macro cell or frequency or a
small cell supporting an MBMS service. The method may include receiving user
interest information indicating user interest in a service. The method may further
include prioritizing, by the mobile entity, the macro cell or frequency for cell reselection
based on the user interest information indicating interest in the MBMS service. In an
aspect, the mobile entity may be in an idle state.

[0015] In related aspects, a wireless communication apparatus may be provided for
performing any of the methods and aspects of the methods summarized above. An
apparatus may include, for example, a processor coupled to a memory, wherein the
memory holds instructions for execution by the processor to cause the apparatus to
perform operations as described above. Certain aspects of such apparatus (e.g.,
hardware aspects) may be exemplified by equipment such as a mobile entity, for
example a mobile entity or access terminal. In other embodiments, aspects of the
technology may be implemented in a network entity, such as, for example, a base
station, eNB, picocell, femtocell or Home Node B, and particularly in a small cell. In
some aspects, a mobile entity and network entity may operate interactively to perform
aspects of the technology as described herein. Similarly, an article of manufacture may
be provided, including a computer-readable storage medium holding encoded
instructions, which when executed by a processor, cause a network entity or access

terminal to perform the methods and aspects of the methods as summarized above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1 is a block diagram conceptually illustrating an example of a
telecommunications system.
[0017] FIG. 2 is a block diagram conceptually illustrating an example of a down link

frame structure in a telecommunications system.
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[0018] FIG. 3 is a block diagram conceptually illustrating is a block diagram
conceptually illustrating a design of a base station/eNB and a UE configured according
to one aspect of the present disclosure.

[0019] FIGS. 4-6 illustrate downlink frames in respective off, dormant and active states
of a legacy carrier type (LCT) small cell.

[0020] FIGS. 7-9 illustrate downlink frames in respective off, dormant and active states

of an enhanced new carrier type (eNCT) small cell.

[0021] FIG. 10 illustrates a current overall architecture with deployed small cells in
3GPP.

[0022] FIG. 11 illustrates an eMBMS logical architecture with small cells.

[0023] FIGS. 12-17 illustrate embodiments of a methodology for managing eMBMS

services performed at a small cell (low-power access node).

[0024] FIG. 18 illustrates an embodiment of a small cell apparatus for managing
eMBMS services, in accordance with the methodologies of FIGS. 12-17.

[0025] FIG. 19 illustrates an embodiment of a methodology for cell reselection,
performed at a mobile entity.

[0026] FIG. 20 illustrates an embodiment of an apparatus for cell reselection, in

accordance with the methodology of FIG. 19.

DETAILED DESCRIPTION

[0027] The detailed description set forth below, in connection with the appended
drawings, is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of the 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 components are shown in block diagram
form in order to avoid obscuring such concepts.

[0028] The techniques described herein may be used for wvarious wireless
communication networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other networks. The terms “network” and “system” are often used interchangeably. A
CDMA network may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and
other variants of CDMA. c¢dma2000 covers IS-2000, IS-95 and IS-856 standards. A
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TDMA network may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA network may implement a radio technology
such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-
Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDMA, etc. UTRA and E-UTRA
are part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS that use E-
UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documents
from an organization named “3rd Generation Partnership Project” (3GPP). cdma2000
and UMB are described in documents from an organization named “3rd Generation
Partnership Project 2” (3GPP2). The techniques described herein may be used for the
wireless networks and radio technologies mentioned above as well as other wireless
networks and radio technologies. For clarity, certain aspects of the techniques are
described below for LTE, and LTE terminology is used in much of the description
below.

[0029] FIG. 1 shows a wireless communication network 100, which may be an LTE
network. The wireless network 100 may include a number of eNBs 110 and other
network entities. An eNB may be a station that communicates with the UEs and may
also be referred to as a base station, a Node B, an access point, or other term. Each eNB
110a, 110b, 110c may provide communication coverage for a particular geographic
area. In 3GPP, the term “cell” can refer to a coverage area of an eNB and/or an eNB
subsystem serving this coverage area, depending on the context in which the term is
used.

[0030] An eNB may provide communication coverage for a macro cell, a pico cell, a
femto cell, and/or other types of cell. A macro cell may cover a relatively large
geographic area (e.g., several kilometers in radius) and may allow unrestricted access by
UEs with service subscription. A pico cell may cover a relatively small geographic area
and may allow unrestricted access by UEs with service subscription. A femto cell may
cover a relatively small geographic area (e.g., a home) and may allow restricted access
by UEs having association with the femto cell (e.g., UEs in a Closed Subscriber Group
(CSG), UEs for users in the home, etc.). An eNB for a macro cell may be referred to as
a macro eNB. An eNB for a pico cell may be referred to as a pico eNB. An eNB for a
femto cell may be referred to as a femto eNB or a home eNB (HeNB). In the example
shown in FIG. 1, the eNBs 110a, 110b and 110c may be macro eNBs for the macro cells
102a, 102b and 102c, respectively. The eNB 110x may be a pico eNB for a pico cell
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102x. The eNBs 110y and 110z may be femto eNBs for the femto cells 102y and 102z,
respectively. An eNB may support one or multiple (e.g., three) cells. The femto cells
and pico cells are examples of small cells. As used herein, a small cell means a cell
characterized by having a transmit power substantially less than each macro cell in the
network with the small cell, for example low-power access nodes such as defined in
3GPP Technical Report (T.R.) 36.932 section 4.

[0031] The wireless network 100 may also include relay stations 110r. A relay station
is a station that receives a transmission of data and/or other information from an
upstream station (e.g., an eNB or a UE) and sends a transmission of the data and/or
other information to a downstream station (e.g., a UE or an eNB). A relay station may
also be a UE that relays transmissions for other UEs. In the example shown in FIG. 1, a
relay station 110r may communicate with the eNB 110a and a UE 120r in order to
facilitate communication between the eNB 110a and the UE 120r. A relay station may
also be referred to as a relay eNB, a relay, etc.

[0032] The wireless network 100 may be a heterogeneous network that includes eNBs
of different types, e.g., macro eNBs, pico eNBs, femto eNBs, relays, etc. These
different types of eNBs may have different transmit power levels, different coverage
areas, and different impact on interference in the wireless network 100. For example,
macro eNBs may have a high transmit power level (e.g., 5 to 20 Watts) whereas pico
eNBs, femto eNBs and relays may have a lower transmit power level (e.g., 0.1 to 2
Watts).

[0033] The wireless network 100 may support synchronous or asynchronous operation.
For synchronous operation, the eNBs may have similar frame timing, and transmissions
from different eNBs may be approximately aligned in time. For asynchronous
operation, the eNBs may have different frame timing, and transmissions from different
eNBs may not be aligned in time. The techniques described herein may be used for
both synchronous and asynchronous operation.

[0034] A network controller 130 may couple to a set of eNBs and provide coordination
and control for these eNBs. The network controller 130 may communicate with the
eNBs 110 via a backhaul. The eNBs 110 may also communicate with one another, e.g.,
directly or indirectly via wireless or wireline backhaul.

[0035] The UEs 120 may be dispersed throughout the wircless network 100, and each
UE may be stationary or mobile. A UE may also be referred to as a terminal, a mobile

station, a subscriber unit, a station, a smart phone, etc. A UE may be a cellular phone, a
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personal digital assistant (PDA), a wireless modem, a wireless communication device, a
handheld device, a laptop computer, a cordless phone, a wireless local loop (WLL)
station, or other mobile entity. A UE may be able to communicate with macro eNBs,
pico eNBs, femto eNBs, relays, or other network entities. In FIG. 1, a solid line with
double arrows indicates desired transmissions between a UE and a serving eNB, which
is an eNB designated to serve the UE on the downlink and/or uplink. A dashed line
with double arrows indicates interfering transmissions between a UE and an eNB.

[0036] LTE utilizes orthogonal frequency division multiplexing (OFDM) on the
downlink and single-carrier frequency division multiplexing (SC-FDM) on the uplink.
OFDM and SC-FDM partition the system bandwidth into multiple (K) orthogonal
subcarriers, which may also be referred to as tones or bins. Each subcarrier may be
modulated with data. In general, modulation symbols are sent in the frequency domain
with OFDM and in the time domain with SC-FDM. The spacing between adjacent
subcarriers may be fixed, and the total number of subcarriers (K) may be dependent on
the system bandwidth. For example, K may be equal to 128, 256, 512, 1024 or 2048 for
system bandwidth of 1.25, 2.5, 5, 10 or 20 megahertz (MHz), respectively. The system
bandwidth may also be partitioned into subbands. For example, a subband may cover
1.08 MHz, and there may be 1, 2, 4, 8 or 16 subbands for system bandwidth of 1.25,
2.5, 5, 10 or 20 MHz, respectively.

[0037] FIG. 2 shows a down link frame structure 200 used in LTE. The transmission
timeline for the downlink may be partitioned into units of radio frames. Each radio
frame 210 may have a predetermined duration (e.g., 10 milliseconds (ms)) and may be
partitioned into 10 subframes 220 with indices of 0 through 9. Each subframe may
include two slots. Each radio frame may thus include 20 slots 230 with indices of 0
through 19. Each slot may include L symbol periods, e.g., 7 symbol periods for a
normal cyclic prefix (CP), as shown in FIG. 2, or 6 symbol periods for an extended
cyclic prefix. The normal CP and extended CP may be referred to herein as different
CP types. The 2L symbol periods in each subframe may be assigned indices of 0
through 2L—1. The available time frequency resources may be partitioned into resource
blocks. Each resource block may cover N subcarriers (e.g., 12 subcarriers) in one slot.

[0038] In LTE, an eNB may send a primary synchronization signal (PSS) and a
secondary synchronization signal (SSS) for each cell in the eNB. The primary and
secondary synchronization signals may be sent in symbol periods 6 and 5, respectively,

in each of subframes 0 and 5 of each radio frame with the normal cyclic prefix, as
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shown in FIG. 2. The synchronization signals may be used by UEs for cell detection
and acquisition. The eNB may send a Physical Broadcast Channel (PBCH) in symbol
periods 0 to 3 in slot 1 of subframe 0. The PBCH may carry certain system information.

[0039] The eNB may send a Physical Control Format Indicator Channel (PCFICH) in
only a portion of the first symbol period of each subframe, although depicted in the
entire first symbol period in FIG. 2. The PCFICH may convey the number of symbol
periods (M) used for control channels, where M may be equal to 1, 2 or 3 and may
change from subframe to subframe. M may also be equal to 4 for a small system
bandwidth, e.g., with less than 10 resource blocks. In the example shown in FIG. 2,
M=3. The eNB may send a Physical HARQ Indicator Channel (PHICH) and a Physical
Downlink Control Channel (PDCCH) in the first M symbol periods of each subframe
(M=3 in FIG. 2). The PHICH may carry information to support hybrid automatic
retransmission (HARQ). The PDCCH may carry information on resource allocation for
UEs and control information for downlink channels. Although not shown in the first
symbol period in FIG. 2, it is understood that the PDCCH and PHICH are also included
in the first symbol period. Similarly, the PHICH and PDCCH are also both in the
second and third symbol periods, although not shown that way in FIG. 2. The eNB may
send a Physical Downlink Shared Channel (PDSCH) in the remaining symbol periods of
each subframe. The PDSCH may carry data for UEs scheduled for data transmission on
the downlink. The various signals and channels in LTE are described in 3GPP TS
36.211, entitled “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical
Channels and Modulation,” which is publicly available.

[0040] The eNB may send the PSS, SSS and PBCH in the center 1.08 MHz of the
system bandwidth used by the eNB. The eNB may send the PCFICH and PHICH
across the entire system bandwidth in each symbol period in which these channels are
sent. The eNB may send the PDCCH to groups of UEs in certain portions of the system
bandwidth. The eNB may send the PDSCH to specific UEs in specific portions of the
system bandwidth. The eNB may send the PSS, SSS, PBCH, PCFICH and PHICH in a
broadcast manner to all UEs, may send the PDCCH in a unicast manner to specific UEs,
and may also send the PDSCH in a unicast manner to specific UEs.

[0041] A number of resource elements may be available in each symbol period. Each
resource element may cover one subcarrier in one symbol period and may be used to
send one modulation symbol, which may be a real or complex value. Resource

elements not used for a reference signal in each symbol period may be arranged into
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resource element groups (REGs). Each REG may include four resource elements in one
symbol period. The PCFICH may occupy four REGs, which may be spaced
approximately equally across frequency, in symbol period 0. The PHICH may occupy
three REGs, which may be spread across frequency, in one or more configurable symbol
periods. For example, the three REGs for the PHICH may all belong in symbol period 0
or may be spread in symbol periods 0, 1 and 2. The PDCCH may occupy 9, 18, 32 or
64 REGs, which may be selected from the available REGs, in the first M symbol
periods. Only certain combinations of REGs may be allowed for the PDCCH.

[0042] A UE may know the specific REGs used for the PHICH and the PCFICH. The
UE may search different combinations of REGs for the PDCCH. The number of
combinations to search is typically less than the number of allowed combinations for the
PDCCH. An eNB may send the PDCCH to the UE in any of the combinations that the
UE will search.

[0043] A UE may be within the coverage of multiple eNBs. One of these eNBs may be
selected to serve the UE. The serving eNB may be selected based on various criteria
such as received power, path loss, signal-to-noise ratio (SNR), or other parameter. In an
aspect, cell reselection may be prioritized based on whether or not an eNB is a macro
cell and whether or not it is broadcasting an MBMS service of interest to the user.

[0044] FIG. 3 shows a block diagram of a design of a base station/eNB 110 and a UE
120, which may be one of the base stations/eNBs and one of the UEs in FIG. 1. Fora
restricted association scenario, the base station 110 may be the macro eNB 110c in FIG.
1, and the UE 120 may be the UE 120y. The base station 110 may also be a base station
of some other type. The base station 110 may be equipped with antennas 334a through
334t, and the UE 120 may be equipped with antennas 352a through 352r.

[0045] At the base station 110, a transmit processor 320 may receive data from a data
source 312 and control information from a controller/processor 340. The control
information may be for the PBCH, PCFICH, PHICH, PDCCH, etc. The data may be for
the PDSCH, etc. The processor 320 may process (e.g., encode and symbol map) the
data and control information to obtain data symbols and control symbols, respectively.
The processor 320 may also generate reference symbols, e.g., for the PSS, SSS, and
cell-specific reference signal. A transmit (TX) multiple-input multiple-output (MIMO)
processor 330 may perform spatial processing (e.g., precoding) on the data symbols, the
control symbols, and/or the reference symbols, if applicable, and may provide output

symbol streams to the modulators (MODs) 332a through 332t. Each modulator 332
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may process a respective output symbol stream (e.g., for OFDM, etc.) to obtain an
output sample stream. Each modulator 332 may further process (e.g., convert to analog,
amplify, filter, and upconvert) the output sample stream to obtain a downlink signal.
Downlink signals from modulators 332a through 332t may be transmitted via the
antennas 334a through 334t, respectively.

[0046] At the UE 120, the antennas 352a through 352r may receive the downlink
signals from the base station 110 and may provide received signals to the demodulators
(DEMODs) 354a through 354r, respectively. Each demodulator 354 may condition
(e.g., filter, amplify, downconvert, and digitize) a respective received signal to obtain
input samples. Each demodulator 354 may further process the input samples (e.g., for
OFDM, etc.) to obtain received symbols. A MIMO detector 356 may obtain received
symbols from all the demodulators 354a through 354r, perform MIMO detection on the
received symbols if applicable, and provide detected symbols. A receive processor 358
may process (e.g., demodulate, deinterleave, and decode) the detected symbols, provide
decoded data for the UE 120 to a data sink 360, and provide decoded control
information to a controller/processor 380.

[0047] On the uplink, at the UE 120, a transmit processor 364 may receive and process
data (e.g., for the PUSCH) from a data source 362 and control information (e.g., for the
PUCCH) from the controller/processor 380. The processor 364 may also generate
reference symbols for a reference signal. The symbols from the transmit processor 364
may be precoded by a TX MIMO processor 366 if applicable, further processed by the
modulators 354a through 354r (e.g., for SC-FDM, etc.), and transmitted to the base
station 110. At the base station 110, the uplink signals from the UE 120 may be
received by the antennas 334, processed by the demodulators 332, detected by a MIMO
detector 336 if applicable, and further processed by a receive processor 338 to obtain
decoded data and control information sent by the UE 120. The processor 338 may
provide the decoded data to a data sink 339 and the decoded control information to the
controller/processor 340.

[0048] The controllers/processors 340 and 380 may direct the operation at the base
station 110 and the UE 120, respectively. The processor 340 and/or other processors
and modules at the base station 110 may also perform or direct the execution of the
functional blocks illustrated in FIGS. 12-17, and/or other processes for the techniques
described herein. The processor 380 and/or other processors and modules at the UE 120

may also perform or direct the execution of the functional blocks illustrated in FIG. 19,
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and/or other processes for the techniques described herein. The memories 342 and 382
may store data and program codes for the base station 110 and the UE 120, respectively.
A scheduler 344 may schedule UEs for data transmission on the downlink and/or
uplink.

[0049] In one configuration, the UE 120 for wireless communication includes means for
detecting interference from an interfering base station during a connection mode of the
UE, means for selecting a yielded resource of the interfering base station, means for
obtaining an error rate of a physical downlink control channel on the yielded resource,
and means, executable in response to the error rate exceeding a predetermined level, for
declaring a radio link failure. In one aspect, the aforementioned means may be the
processor(s), the controller/processor 380, the memory 382, the receive processor 358,
the MIMO detector 356, the demodulators 354a, and the antennas 352a configured to
perform the functions recited by the aforementioned means. In another aspect, the
aforementioned means may be a module or any apparatus configured to perform the
functions recited by the aforementioned means.
eMBMS AND UNICAST SIGNALING IN SINGLE FREQUENCY NETWORKS

[0050] One mechanism to facilitate high bandwidth communication for multimedia has
been single frequency network (SFN) operation. Particularly, Multimedia Broadcast
Multicast Service (MBMS) and MBMS for LTE, also known as evolved MBMS
(eMBMS) (including, for example, what has recently come to be known as Multimedia
Broadcast Single Frequency Network (MBSFN) in the LTE context, can utilize such
SEN operation. SFNs utilize radio transmitters, such as, for example, eNBs, to
communicate with subscriber UEs. Groups of eNBs can transmit bi-directional
information in a synchronized manner, so that signals reinforce one another rather than
interfere with each other. Use of eMBMS may provide an efficient way to transmit
shared content from an LTE network to multiple mobile entities, such as, for example,
UEs.

[0051] With respect to a physical layer (PHY) of eMBMS for LTE FDD, the channel
structure may comprise time division multiplexing (TDM) resource partitioning
between an eMBMS and unicast transmissions on mixed carriers, thereby allowing
flexible and dynamic spectrum utilization. Currently, a subset of subframes (up to
60%), known as multimedia broadcast single frequency network (MBSFN) subframes,
can be reserved for eMBMS transmission. As such current eMBMS design allows at

most six out of ten subframes for eMBMS.
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SMALL CELL eMBMS - OVERVIEW

[0052] Small cells, as used herein, mean low-power access nodes such as defined in
3GPP T.R. 36.932 section 4. Small cells using low power nodes are considered in
3GPP Release 12, and may include pico cells for which MBMS support is included
since 3GPP Release 9. Deployment of eMBMS in small cells may be used to offload
unicast traffic from macro cells and improve system capacity. In addition, eMBMS
with small cell deployment may be used to mitigate handover events for UEs interested
in receiving MBMS service.

[0053] The present disclosure proposes certain features related to eMBMS small cell
deployment. These features may include causing a UE to assign a higher selection
priority to a macro layer or cell, if the UE is interested in an eMBMS service. A UE is
interested in receiving a service if it has determined that it should receive, or obtain
additional information about receiving, or is about to receive, the service. The core
network may indicate macro layer or macro cell information to interested UEs. These
features may be useful in dense small cell deployments, wherein one or more small cells
are deployed within radio range of the same macro cell.

[0054] In addition, the features may include adopting a distinction between the dormant
and active states for a small cell, based on whether or not the small cell is transmitting
on the Physical Multicast Channel (PMCH). The dormant and active states may be
independent of a unicast transmission from the small cell.

[0055] The features may further include the small cell determining whether to transmit
PMCH based on an indication of received MBSFN signal strength. The indication of
signal strength may be obtained by the small cell making MBSFN signal measurements.
In the alternative, or in addition, a UE may provide an MBMS indication and
measurement report to the small cell. If no interested UE is detected by the small cell or
the MBSFN signal strength is sufficient without small cell participation in the MBSFN
transmission, the small cell may not initiate an MBSFN transmission.

[0056] The features may further include selecting a Multicast Coding Scheme (MCS) in
consideration of the dormant or active state(s) of one or more small cells. For example,
an MCE or other network entity may use the dormant/active state of a small cell as an
input into a process for selecting an MCS for an MBSFN transmission. The network
may select the MCS so as to account for one or more small cells turning on an MBSFN
transmission. The process for selecting the MCS may use a strategy of aligning

MBSFN and unicast transmissions in small cells when possible. For example, MBMS
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and unicast services for a UE should be provided by a single small cell instead of being
provided to a UE (or set of USs) from different adjacent small cells.
IDLE UE BEHAVIOR FOR eMBMS USING SMALL CELLS

[0057] A UE interested in receiving an eMBMS service at the time of performing a cell
reselection may assign a higher priority to a macro layer or cell providing the service,
instead of a small cell providing the same service even if the MBSFN signal from the
small cell is stronger than from the macro cell. For example, a macro cell may be
assigned a higher priority than any candidate small cells, as long as the UE is interested
in an eMBMS service that can be received from the macro cell. This approach may
avoid frequent switching of the cell camped on and the corresponding overhead
activities associated with cell switching such as reading of system information and
paging.

[0058] To implement the prioritization of macro cells during cell reselection, the UE
may need to be aware of macro layer or cell identifiers (ID). A current MBMS user
service description (USD) for example as used in a BM-SC may be used to indicate an
MBMS frequency layer. For example, in one implementation the USD may identify
one or more macro frequency layers while excluding small cell frequency layers. In the
alternative, or in addition, a neighbor macro cell ID may be added in a System
Information Block (SIB) provided to the UE to indicate a macro cell supporting the
MBMS service.

[0059] MBMS-based prioritization may interact with UE behavior in high mobility
situations (e.g., a rapidly moving mobile UE in a vehicle or the like). Such
prioritization in cell selection may be independent of UE velocity, or may depend partly
on UE velocity, depending on the implementation.

CONNECTED UE BEHAVIOR FOR eMBMS WITH SMALL CELLS

[0060] UEs interested in eMBMS may be handed over to a macro layer or cell to
mitigate frequent handover caused by crossing numerous small cell boundaries in a
dense small cell deployment. For example, an “MBMSInterestIndication” may be used
by the UE to indicate MBMS interest. Frequency layer(s) with service of UE interest,
and priority between unicast and eMBMS may be included in an
MBMSInterestIndication. By receiving an MBMSInterestIndication signal from the
UE, the eNB can determine whether the UE is interested in eMBMS, and can use this

information for handover.
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eMBMS SMALL CELL BEHAVIOR BASED ON MBSFN MEASUREMENTS

[0061] Small cells, when in a Dormant or Active state, may perform MBSFN signal
measurements periodically. The small cells may measure, for example, the MBSFN
Reference Signal Received Power (RSRP), the Reference Signal Received Quality
(RSRQ) or the Signal-to-Noise Ratio (SNR) to measure any received MBSFN signal,
including signals from macro cells or neighboring small cells. The small cell may
include some UE functionality (e.g., position measurement, signal measurement), and
use this functionality to perform such measurements periodically. At the same time,
like a macro cell and unlike a UE, the small cell may receive the Multicast Control
Channel (MCCH) from the Multicast Coordinating Entity (MCE) or an eNB via a
backhaul communication.

[0062] Based on a current measurement value of the MBSFN signal, the small cell may
take a predetermined action. For example, when the measurement value indicates that
MBSFN signal quality is not sufficient for PMCH decoding, dormant small cells may
broadcast PMCH signals. The PMCH signals may include both MBSFN RS and data.
In addition, the small cell may determine (e.g., set) the actual PMCH transmit power
depending on the measured MBSFN signal strength. For further example, dormant
small cells may ramp up MBSFN transmission power depending on number of
contiguous MBSFN subframes to minimize implementation impact on UEs.

[0063] In addition, small cells may use signal strength measurements to control other
aspects of MBMS management. For example, depending on MBSFN signal strength,
active small cells may mute or use reduced power to transmit PMCH symbols, as
compared to unicast or small cell full transmit power. A degree of power reduction may
be based on a PMCH quality requirement. For example, an active small cell may reduce
transmit power in steps until a signal threshold (e.g., MBSFN RSRP, RSRQ, or SNR)
based on the current MCS is approached or reached. In turn, a PMCH quality
requirement may be based on the highest MCS listed in MCCH for an eMBMS service,
or based on the highest MCS in use by a UE serviced by the small cell. It should be
appreciated that the transmission or muting of PMCH signals will not cause additional
handover events to occur in present wircless 3GPP networks, because the MBSFN
signals do not interfere with unicast signals. Any impact on UE implementation due to
power variation on PMCH signals may be alleviated with non-causal (end-of-subframe)

Automatic Gain Control (AGC) or eMBMS-specific AGC.



WO 2014/134560 PCT/US2014/019642
16

eMBMS SMALL CELL BEHAVIOR BASED ON UE REPORTS

[0064] MBSFN measurements by the small cell may not be accurate enough to
represent all UEs within coverage of the small cell, because of differences in position
between the small cell and the UEs. The signal strength experienced by a UE in
coverage be different from the signal strength seen by the small cell providing the
coverage. In addition, some small cell implementations may not support signal
measurements at the small cell. Generally, the small cell is not aware of whether or not
a UE in the small cell’s coverage is interested in receiving an eMBMS service.

[0065] In an aspect, transmission of a PMCH signal may be based on UE reports. Such
UE reports may indicate a UE’s MBMS interest and a received MBSFN signal strength
as measured by the UE. It should be appreciated that a MBMS interest indication may
be provided by RRC Connected UEs using existing techniques. However, MBSFN
signal measurement reporting by the UE to small cells is not provided for in current
standards. Therefore, it may be desirable to add provisions for supporting MBSFN
signal measurement and reporting by the UE. Measurement reports may be provided to
the small cell in a MBMS Interest Indication message or in a separate measurement
report or bundled together in a unicast measurement report.

[0066] For an idle UE being serviced by a small cell, reporting of MBMS interest to the
small cell may be handled by having the UE transition to a connected state, and
following the procedures outlined above for a connected UE. This approach should not
cause unacceptable increases in overhead because the unicast capacity of small cells
should not be an issue. Advantageously, this approach does not require changes to be
made to wireless standards other than those outlined above for measurement reporting.

[0067] In an alternative, instead of the idle UE transitioning to a connected state, the
idle UE may use special Physical Random Access Channel (PRACH) signaling. The
MBSFN measurement value sent via PRACH signaling may be handled similarly to
how the Channel Quality Indication (CQI) indication is handled by the UE when
sending a PRACH signal. For example, if the MBSFN measurement value is equal to
or above a certain threshold the UE may send a first PRACH sequence to signal that the
MBSFN measurement value is high and if the MBSFN measurement value is below the
threshold the UE may send a second PRACH sequence to signal that the MBSFN
measurement value is low. More MBSFN measurement values may be signaled using

additional PRACH sequences. Advantageously, a typical small cell does not have to
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handle a large number of UEs, and therefore the PRACH bandwidth should have
capacity to handle the additional signal indication in most circumstances.

[0068] In addition, the UE may indicate the MBSFN interest using the PRACH signal
similarly to CQI indicating outlined above. Accordingly, the small cell may obtain UE
MBMS interest and/or signal strength via a PRACH sequence and determine the PMCH
transmission accordingly. In an aspect, the small cell may signal to the UE concerning
whether the UE should send MBMS interest and signal strength via PRACH signaling.
As noted, the MBSFN signal strength signaling and/or MBMS interest indication via the
PRACH may be handled by the UE in a manner similar to CQI indication.

[0069] To further reduce UE reporting overhead, reporting frequency may be limited
such that the idle UE only reports when signal strength relative to MCS is below a
specified threshold. For example, the idle UE may not report signal strength unless a
measured signal strength value is less than a threshold specified for a particular MCS
value. Different reporting thresholds may be specified for different MCS values. In
general, the threshold for reporting signal strength may increase with higher MCS
values. The threshold may be signaled by the network (e.g., using a SIB) or set to a
predefined value based on UE implementation.

MCS SETTING IN MBSFN AREA

[0070] A network MCS setting for a MBSFN may take into account small cells
transmitting on the PMCH in a MBSFN area. MCS specified by a network entity may
be adjusted responsive to a number of small cells turning on MBSFN transmission in an
areca. As used herein, a “network entity” excludes access terminals such as UEs or
mobile entities.

[0071] Small cells may be independently dormant or active, either on unicast or
MBSFN signaling. For example, it is possible (but not optimal) for a small cell to be in
an active mode for unicast signaling, while being in dormant mode for MBSFN
signaling, and vice-versa. Optimal energy saving may be achieved when small cells
transmit neither unicast nor MBSFN. When small cells transmit unicast signals,
transmission of MBSFN signals does not incur significant additional energy use over
the energy use for transmitting the unicast signals. Therefore, it may be advantageous
to couple transmission of unicast and MBSFN signals in the same small cell, when
feasible.

[0072] To this end, including a estimation of a probability of small cells transmitting

MBSFN as in input parameter in a network-side determination of MCS in an MBSFN
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arca may enhance system-wide small cell energy efficiency, improve MBSFN coverage
and increase MBSFN capacity in the MBSFN area. For example, the MCS may be
based on reports of opportunistic small cell transmission to a network entity setting
MCS in the area. In addition, a small cell may also report transmission status to a MCE,
and the MCE can adjust the MBSFN configuration accordingly, including the MCS.
The transmission status of the small cell may include transmission of unicast signaling,
transmission of MBSFN signaling, and the respective transmission powers for the
foregoing signaling.

[0073] In addition, a small cell may report MBSFN signal measurements or UE
reported measurements to the MCE in addition to reporting transmission status. In an
aspect, an objective for the MCS may be to use a MCS such that the small cell can be
either muted or active on both unicast and MBSFN. For example, the MCS may be set
at a level that causes a small cell to either be active on both unicast and MBSFN, or
dormant on both unicast and MBSFN. UEs within a small cell coverage area may
receive an MBSFN signal from other cells in the MBSFN area even without the small
cell transmitting the MBSFN signal, if the small cell is dormant on unicast. Conversely,
the MCS level takes MBSFN signal transmission from a small cell into account, when
the small cell is active on unicast transmission.

[0074] In an aspect, small cell transmission of MBSFN signals may generally be
aligned with unicast transmissions by the small cell, except when the small cell should
be enabled for MBSFN coverage reasons. For example, a small cell may receive a
measurement report from a nearby UE. When the report indicates adequate MBSFN
reception, the small cell may align MBSFN transmissions with unicast transmissions
(for example, setting both MBSFN and unicast transmissions on, or both off), in
response to the report. When the report indicates inadequate MBSFN reception, the
small cell may enable MBSFN transmission even when not transmitting unicast signals,
to improve MBSFN coverage.

[0075] FIGS. 4-6 illustrate downlink frames in respective off, dormant and active states
of a legacy carrier type (LCT) small cell. A LCT small cell may transmit PSS/SSS,
PBCH and SIB information to allow a UE to camp on the small cell. In the LCT off
state 400, there are no transmissions on the downlink and no reception on the uplink, as
shown in FIG. 4. In the LCT dormant state 500, there are no transmissions on the
downlink, and sparse reception 502 on the the uplink, for example reception of PRACH,
Physical Uplink Control Channel (PUCCH) or Sounding Reference Signal (SRS) from a
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neighbor cell, as shown in FIG. 5. The dormant LCT cell may transmit PMCH signals.
In the LCT active state 600, there are common signals on the downlink and certain
control and/or data signals on the uplink. For example, the active LCT small cell may
transmit Primary Synchronization Signals (PSS) and Secondary Synchronization
Signals (SSS) signals in every fifth subframe 602, Physical Broadcast Channel (PBCH)
in every tenth subframe 604 and SIB 1 in every twentieth subframe 606 on the
downlink, as shown in FIG 6. The active LCT cell may mute PMCH signals.

[0076] In comparison, FIGS. 7-9 illustrate downlink frames in respective off, dormant
and active states of an enhanced new carrier type (eNCT) small cell. In the eNCT off
state 700, there are no transmissions on the downlink and no reception on the uplink, as
shown in FIG. 7. In the eNCT dormant state 800, there are low duty sparse signals 802
on the downlink, and uplink reception 804, for example reception of PRACH from all
connected UEs and 3GPP Release 12 compliant idle UEs, as shown in FIG. 8.
Downlink signals may also include PSS, SSS, PBCH, narrowband RS and SIB 0 in
every 200" subframe (not shown). The dormant eNCT cell may transmit PMCH
signals.  In the eNCT active state 900, the small cell may transmit high duty cycle
sparse signals on the downlink and receive certain control and/or data signals on the
uplink. For example, the active eNCT small cell may transmit PSS, SSS signals and
Wideband RS in every fifth subframe 902, PBCH in every tenth subframe 904 and SIB
1 in every twenticth subframe 906 on the downlink, as shown in FIG. 9. The active
eNCT cell may mute PMCH signals.

CONSIDERATION OF MBMS SUPPORT IN OPEN ACCESS HeNB

[0077] MBMS typically is not supported by a Home eNB (HeNB). To provide HeNB
eMBMS support, a new eMBMS logical architecture may be employed with small cells.
FIG. 10 illustrates an architecture 1000 with deployed small cells in 3GPP. The HeNB
in the architecture 1000 lacks an M1 or M2 interface to the SGW or HeNB GW. FIG.
11 illustrates another eMBMS logical architecture 1100 with small cells. The
architecture 1100 includes an M2 interface to the MBMS GW, and an M1 and M2
interface to the HeNB GW. For example, with introduced synchronization and
backhaul communications for the HeNB supported in 3GPP Release 12, it is possible to
extend M1 and M2 interface to the HeNB. Therefore M1 and M2 interfaces may be
introduced in parallel to conventional M1 and M2 interfaces used by macro cells, using

the synchronization and backhaul communications capabilitics supported by the HeNB.
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EXAMPLE METHODOLOGIES AND APPARATUS
[0078] In view of exemplary systems shown and described herein, methodologies that

may be implemented in accordance with the disclosed subject matter, will be better
appreciated with reference to various flow charts. While, for purposes of simplicity of
explanation, methodologies are shown and described as a series of acts/blocks, it is to be
understood and appreciated that the claimed subject matter is not limited by the number
or order of blocks, as some blocks may occur in different orders and/or at substantially
the same time with other blocks from what is depicted and described herein. Moreover,
not all illustrated blocks may be required to implement methodologies described herein.
It is to be appreciated that functionality associated with blocks may be implemented by
software, hardware, a combination thereof or any other suitable means (e.g., device,
system, process, or component). Additionally, it should be further appreciated that
methodologies disclosed throughout this specification are capable of being stored as
encoded instructions and/or data on an article of manufacture to facilitate transporting
and transferring such methodologies to various devices. Those skilled in the art will
understand and appreciate that a method could alternatively be represented as a series of
interrelated states or events, such as in a state diagram.

[0079] FIG. 12 shows a method 1200 by a small cell for wireless communication,
including providing evolved Multimedia Broadcast/Multicast Services (eMBMS)
services. The small cell may be a low power base station (e.g., femto node, pico node,
Home Node B, etc.) of a wireless communications network. The method 1200 may
include, at 1210, receiving, by a small cell, a wircless MBSFN signal from a macro cell,
wherein the small cell is characterized by having a transmit power substantially less
(e.g., less than 10%, or less than 5%, of average macro cell power) than each macro cell
in a wireless communication network with the small cell. As an example, the transmit
power of a small cell may be 1W while the macro is using 40W transmit power. The
method 1200 may include, at 1220, obtaining, by the small cell, a measurement value of
the MBSFN signal within a radio range of the small cell. More detailed aspects of
obtaining the measurement values are discussed below in connection with FIGS. 13-14.
The method 1200 may include, at 1230, the small cell acting based on the measurement
value. For example, the small cell may select one of plural actions to take depending on
the obtained measurement value. Further examples and more detailed aspects of
contingent operations based on the measurement values are discussed below in

connection with FIGS. 13-17.
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[0080] FIGS. 13-17 show further optional operations or aspects 1300, 1400, 1500, 1600
and 1700 that may be performed by the small cell in conjunction with the method 1200.
The operations shown in FIGS. 13-17 are not required to perform the method 1200.
Operations 1300, 1400, 1500, 1600 and 1700 are independently performed and not
mutually exclusive. Therefore any one of such operations may be performed regardless
of whether another downstream or upstream operation is performed. If the method 1200
includes at least one operation of FIGS. 13-17, then the method 1200 may terminate
after the at least one operation, without necessarily having to include any subsequent
downstream operation(s) that may be illustrated.

[0081] Referring to FIG. 1300, the method 1200 may further include, at 1310, obtaining
the measurement value by measuring the MBSFN signal as received at the small cell.
For example, the method 1200 may include, at 1320, performing the measuring using a
metric selected from Reference Signal Received Power (RSRP), Reference Signal
Received Quality (RSRQ), or Signal-to-Noise Ratio (SNR), based on a MBSFN
reference or other signal. It should be appreciated that the operations 1310 and 1320
may be performed in any operative order. For example, a small cell may first select a
metric 1320 and then measure the MBSFN signal 1310 as received at the small cell to
obtain the corresponding measurement value for the metric. In addition, either or both
of the operations 1300 may be performed in any operative order in conjunction with the
operations of method 1200. For example, selecting one of the recited metrics 1320 may
be performed in conjunction with the operation 1220 of obtaining a measurement value
within radio range, with or without measuring the MBSFN signal as received at the
small cell 1310.

[0082] Referring to FIG. 1400, the method 1200 may further include, at 1410, obtaining
the measurement value by the small cell receiving information from a user equipment
(UE) in radio range of the small cell. For example, the method 1200 may include, at
1420, receiving the information comprising a report indicating at least one of: a UE
interest in an MBSFN service, or an MBSFN signal strength. MBSFN signal strength
may be indicated in the report using a metric such as, for example, RSRP, RSRQ or
SNR. In an aspect, the method 1200 may include, at 1430, receiving the information
via a Physical Random Access Channel (PRACH) signal from the UE, where the UE
signals the value by selecting a PRACH sequence based on the MBSFN signal strength.
In another aspect, the method 1200 may include, at 1440, receiving the information only

if an MBSFN signal strength measured by the UE is less than a threshold value.
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Conversely, if the MBSFN signal strength measured by the UE is above the threshold,
the small cell may not receive such information or attempt to initiate any MBSFN
service.

[0083] The method 1200 may further include the operations 1500 as shown in FIG. 15
regarding the action taken by the small cell based on the measurement value.
Specifically, the acting operation 1230 of method 1200 may further include, at 1510,
setting a transmit power for transmitting the MBSFN signal from the small cell. For
example, setting the transmit power 1510 may include, at 1520, ramping up the transmit
power based on a number of contiguous MBSFN subframes to be transmitted from the
small cell. The greater the number of contiguous frames, the less rapidly the small cell
may ramp up the transmit power when initiating the MBSFN service. A smaller change
on small cell transmit power between adjacent subframes may not incur as much impact
on UE implementation and may reduce implementation complexity.

[0084] In the alternative, or in addition, the method 1200 may further include the
operations 1600 as shown in FIG. 16 regarding the action taken by the small cell based
on the measurement value. Specifically, the acting operation 1230 of method 1200 may
further include, at 1610, determining whether to transmit an MBSFN signal from the
small cell based on the measurement value. For example, if the measurement value
exceeds a defined threshold, the small cell may determine that it will not transmit an
MBSFN signal. Conversely, if the measurement value is below a defined threshold, the
small cell may determine that it will transmit an MBSFN signal. In another aspect of
the method 1200, at 1630, determining whether to transmit an MBSFN signal may be
further based on whether the small cell is transmitting a unicast signal. The method
1200 may include, at 1630, reporting at least one of MBSFN transmission status,
MBSFN transmit power, and unicast transmission status of the small cell to a Multicast
Coordinating Entity (MCE). At 1640, the MCE may set a data rate Modulation and
Coding Scheme (MCS) used in the MBSFN signal based at least in part on whether the
small cell is transmitting a unicast signal. As noted above, small cell transmission of
MBSFN signals may generally be aligned with unicast transmissions by the small cell,
except when the small cell should be enabled for MBSFN coverage reasons.

[0085] In another aspect, the method 1200 may include the additional operations 1700
shown in FIG. 17. The acting operation 1230 may be further based, at 1710, on a data
quality requirement for the MBSFN signal. For example, at 1720, the small cell may
determine the data quality requirement based on a data rate MCS used in the MBSFN
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signal. In the alternative, at 1730, the small cell may determine the data quality
requirement based on an MCS used by a UE receiving the MBSFN signal within radio
range of the small cell. For example, the High Speed Downlink Packet Access
(HSDPA) system in 3GPP defines about 30 different multicast coding schemes (MCSs)
from which a MCS can be selected based on a channel quality indicator (CQI) report
from a receiver. Similarly, in LTE, the eNB (e.g., small cell) may select an MCS from
multiple alternatives based on the CQI and optionally other factors. Thus, a correlation
exists between the selected MCS, CQI, and maximum data rate, such as defined by
HSDPA, LTE or analogous system. The method 1200 may include, at 1740,
modulating power of MBSFN symbols transmitted by the small cell based on the data
quality requirement.

[0086] With reference to FIG. 18, there is provided an exemplary apparatus 1800 that
may be configured as a small cell in a wireless network, or as a processor or similar
device for use within the small cell, for providing eMBMS. The small cell 1800 may be
characterized by having a transmit power substantially less than each macro cell in a
wireless communication network with the small cell. The apparatus 1800 may include
functional blocks that can represent functions implemented by a processor, software,
hardware, or combination thereof (e.g., firmware).

[0087] As illustrated, in one embodiment, the apparatus 1800 may include an electrical
component or module 1802 for receiving an MBSFN signal from a macro cell of the
wireless communication network. For example, the electrical component 1802 may
include at least one control processor coupled to a transceiver or the like and to a
memory with instructions for receiving the MBSFN signals on one or more wireless
carriers. The component 1802 may be, or may include, a means for receiving an
MBSFN signal from a macro cell of the wireless communication network. Said means
may include the control processor executing an algorithm for receiving a wireless
MBSFN signal according to a more detailed protocol as referenced herein above, for
example, 3GPP or 3GPP2. This may include, for example, receiving a control channel
specifying radio resources and a coding scheme for the MBSFN signal, receiving
signals on the radio resources indicated by the control channel, and decoding the signals
according to the indicated coding scheme.

[0088] The apparatus 1800 may include an clectrical component 1804 for obtaining a
measurement value of the MBSFN signal within a radio range of the small cell. For

example, the electrical component 1804 may include at least one control processor
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coupled to a transceiver or the like and to a memory holding instructions for obtaining
the measurement value. The component 1804 may be, or may include, a means for
obtaining a measurement value of an MBSFN signal. Said means may include the
control processor executing an algorithm for directly measuring a received signal (e.g.,
using a measurement metric as referenced herein above) or receiving a measurement
report from a UE.

[0089] The apparatus 1800 may include an electrical component 1806 for taking a
predefined action based on the measurement value obtained by the component 1804.
For example, the electrical component 1806 may include at least one control processor
coupled to a transceiver or the like and to a memory holding instructions for taking a
defined action conditioned on the measurement value. The component 1806 may be, or
may include, a means for taking a predefined action conditioned on the measurement
value of the MBSFN signal. Said means may include the control processor executing
an algorithm for taking a conditional action based on a numeric value, for example
conditional IF-THEN branching logic or equivalent operations. The predefined action
may be one of the actions described herein above, for example, determining to initiate a
MBSFN transmission from the small cell or setting a transmit power for the
transmission.

[0090] The apparatus 1800 may include similar electrical components for performing
any or all of the additional operations 1300-1700 described in connection with FIGS.
13-17, which for illustrative simplicity are not shown in FIG. 18.

[0091] In related aspects, the apparatus 1800 may optionally include a processor
component 1810 having at least one processor, in the case of the apparatus 1800
configured as a network entity. The processor 1810, in such case, may be in operative
communication with the components 1802-1806 or similar components via a bus 1812
or similar communication coupling. The processor 1810 may effect initiation and
scheduling of the processes or functions performed by electrical components 1802-
1806. The processor 1810 may encompass the components 1802-1806, in whole or in
part. In the alternative, the processor 1810 may be separate from the components 1802-
1806, which may include one or more separate processors.

[0092] In further related aspects, the apparatus 1800 may include a radio transceiver
component 1814. A stand alone receiver and/or stand alone transmitter may be used in
lieu of or in conjunction with the transceiver 1814. In the alternative, or in addition, the

apparatus 2700 may include multiple transceivers or transmitter/receiver pairs, which
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may be used to transmit and receive on different carriers. The apparatus 1800 may
optionally include a component for storing information, such as, for example, a memory
device/component 1816. The computer readable medium or the memory component
1816 may be operatively coupled to the other components of the apparatus 1800 via the
bus 1812 or the like. The memory component 1816 may be adapted to store computer
readable instructions and data for performing the activity of the components 1802-1806,
and subcomponents thereof, or the processor 1810, the additional aspects 1300-1700, or
the methods disclosed herein. The memory component 1816 may retain instructions for
executing functions associated with the components 1802-1806. While shown as being
external to the memory 1816, it is to be understood that the components 1802-1806 can
exist within the memory 1816.

[0093] In other aspects, a mobile entity (e.g., a UE) of a wireless communication
network may perform a method 1900 for cell reselection, as shown in FIG. 19. The
method 1900 may include, at 1910, receiving, by a mobile entity from a network entity,
at least one of frequency information or cell ID information, for at least one of a macro
cell, macro cell frequency or a small cell supporting an MBMS service. The method
1900 may further include, at 1920, the mobile entity receiving user interest information
indicating user interest in a service, for example via touchscreen input. The mobile
entity may select or otherwise determine an MBMS service of interest, based at least in
part on the user interest information. In an aspect, the information from the network
includes the frequency or cell ID information for a small cell supporting the MBMS
service of interest indicated by mobile entity. The method 1900 may further include, at
1930, prioritizing, by the mobile entity, the macro cell or frequency for cell reselection
based on the user interest information indicating interest in the MBMS service. In an
aspect of the method 1900, the mobile entity may be and may remain in idle mode while
performing the operations 1910-1930.

[0094] With reference to FIG. 20, there is provided an exemplary apparatus 2000 that
may be configured as a mobile entity in a wireless network, or as a processor or similar
device for use within the mobile entity, for receiving eMBMS service and performing
cell reselection in a heterogeneous network characterized by including both macro cells
and small cells. The apparatus 2000 may include functional blocks that can represent
functions implemented by a processor, software, or combination thereof (e.g.,

firmware).
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[0095] As illustrated, in one embodiment, the apparatus 2000 may include an electrical
component or module 2002 for receiving from a network entity at least one of frequency
information or cell ID information for at least one of a macro cell, macro frequency or a
small cell supporting an MBMS service. For example, the electrical component 2002
may include at least one control processor coupled to a transceiver or the like and to a
memory with instructions for receiving the information on a control channel of one or
more wireless carriers. The component 2002 may be, or may include, a means for
receiving from a network entity at least one of frequency information or cell ID
information for at least one of a macro cell, macro frequency or a small cell supporting
an MBMS service. Said means may include the control processor executing an
algorithm for receiving a control signal according a more detailed protocol as referenced
herein above.

[0096] The apparatus 2000 may include an electrical component 2004 for receiving user
interest information indicating user interest in a service. For example, the electrical
component 2004 may include at least one control processor coupled to a transceiver or
the like and to a memory holding instructions for receiving user interest information via
input from a user interface device. The component 2004 may be, or may include, a
means for receiving user interest information indicating user interest in a service. Said
means may include the control processor executing an algorithm for detecting one or
more MBMS services, presenting information identifying the one or more MBMS
services in a graphical user interface device, receiving selection data in response to the
presenting via a user input device, and associating the selection data with a request for
at least one MBMS service.

[0097] The apparatus 2000 may include an electrical component 2006 for prioritizing
the macro cell or frequency for cell reselection based on the user interest information
indicating interest in the MBMS service. For example, the electrical component 2006
may include at least one control processor coupled to a transceiver or the like and to a
memory holding instructions for identifying a highest priority entry in a list of
prospective target cells for a hand over operation. The component 2006 may be, or may
include, a means for prioritizing the macro cell or frequency for cell reselection based
on the user interest information indicating interest in the MBMS service. Said means
may include the control processor executing an algorithm for defining a list of two or
more candidate target cells for a handover operation, identifying any target cells on the

list that are macro cells providing the at least one MBMS service of interest, and
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assigning a higher priority to said macro cells than to small cells providing the same
service.

[0098] In related aspects, the apparatus 2000 may optionally include a processor
component 2010 having at least one processor, in the case of the apparatus 2000
configured as a mobile entity. The processor 2010, in such case, may be in operative
communication with the components 2002-2006 or similar components via a bus 2012
or similar communication coupling. The processor 2010 may effect initiation and
scheduling of the processes or functions performed by electrical components 2002-
2006. The processor 2010 may encompass the components 2002-2006, in whole or in
part. In the alternative, the processor 2010 may be separate from the components 2002-
2006, which may include one or more separate processors.

[0099] In further related aspects, the apparatus 2000 may include a radio transceiver
component 2014. A stand alone receiver and/or stand alone transmitter may be used in
lieu of or in conjunction with the transceiver 2014. In the alternative, or in addition, the
apparatus 2700 may include multiple transceivers or transmitter/receiver pairs, which
may be used to transmit and receive on different carriers. The apparatus 2000 may
optionally include a component for storing information, such as, for example, a memory
device/component 2016. The computer readable medium or the memory component
2016 may be operatively coupled to the other components of the apparatus 2000 via the
bus 2012 or the like. The memory component 2016 may be adapted to store computer
readable instructions and data for performing the activity of the components 2002-2006,
and subcomponents thereof, or the processor 2010, or the methods disclosed herein.
The memory component 2016 may retain instructions for executing functions associated
with the components 2002-2006. While shown as being external to the memory 2016, it
is to be understood that the components 2002-2006 can exist within the memory 2016.

[00100] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[00101] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the

disclosure herein may be implemented as electronic hardware, computer software, or
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combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.

[00102] The wvarious illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, ¢.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[00103] The steps of a method or algorithm described in connection with the disclosure
herein may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the processor such that
the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[00104] In one or more exemplary designs, the functions described may be implemented
in hardware, software, firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted over as one or more instructions

or code on a computer-readable medium. Computer-readable media includes both
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computer storage media and communication media including any medium that
facilitates transfer of a computer program from one place to another. A storage media
may be any available media that can be accessed by a general purpose or special
purpose 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 means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually encode data magnetically, while “discs”
customarily refer to media encodedoptically with lasers. Combinations of the above
should also be included within the scope of computer-readable media.

The previous description of the disclosure is provided to enable any person skilled in the
art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined herein may be
applied to other variations without departing from the spirit or scope of the disclosure.
Thus, the disclosure is not intended to be limited to the examples and designs described
herein but is to be accorded the widest scope consistent with the principles and features

disclosed herein. WHAT IS CLAIMED IS:
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CLAIMS

1. A method by a small cell for wireless communication, the method comprising;

receiving, by a small cell, a wireless Multicast-Broadcast Single
Frequency Network (MBSFN) signal from a macro cell, wherein the small cell is
characterized by having a transmit power substantially less than each macro cell in a

wireless communication network with the small cell;

obtaining, by the small cell, a measurement value of the MBSFN signal

within a radio range of the small cell; and

acting, by the small cell, based on the measurement value.

2. The method of claim 1, wherein the obtaining is performed by measuring
a metric of the MBSFN signal as received at the small cell, wherein the metric is
selected from Reference Signal Received Power (RSRP), Reference Signal Received

Quality (RSRQ), or Signal-to-Noise Ratio (SNR).

3. The method of claim 1, wherein the obtaining is performed by receiving

information from a user equipment (UE) in radio range of the small cell.

4. The method of claim 3, wherein the information comprises a report
indicating at least one of: a UE interest in an MBSFN service, or an MBSFN signal
strength.

5. The method of claim 3, wherein the information is received via a

Physical Random Access Channel (PRACH) signal from the UE.

6. The method of claim 3, wherein the UE provides the information only if

an MBSFN signal strength measured by the UE is less than a threshold value.

7. The method of claim 1, wherein the acting comprises setting a transmit

power for transmitting the MBSFN signal from the small cell.

8. The method of claim 7, wherein setting the transmit power further
comprises ramping up the transmit power based on a number of contiguous MBSFN

subframes to be transmitted from the small cell.
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9. The method of claim 1, wherein the acting comprises determining

whether to transmit an MBSFN signal from the small cell.

10.  The method of claim 9, wherein the determining whether to transmit an

MBSFN signal is further based on whether the small cell is transmitting a unicast signal.

11.  The method of claim 9, further comprising reporting at least one of
MBSFN transmission status, MBSFN transmit power, and unicast transmission status of

the small cell to a Multicast Coordinating Entity (MCE).

12. The method of claim 11, wherein the MCE determines a data rate
Modulation and Coding Scheme (MCS) for the MBSFN signal based at least in part on

whether the small cell is transmitting a unicast signal.

13.  The method of claim 1, wherein the acting is further based on a data

quality requirement for the MBSFN signal.

14.  The method of claim 13, further comprising determining the data quality
requirement based at least one of’ a data rate Modulation and Coding Scheme (MCS) of
the MBSFN signal, or a data rate MCS used by a user equipment (UE) receiving the
MBSFN signal within radio range of the small cell.

15.  The method of claim 13, further comprising modulating power of
MBSFN symbols transmitted by the small cell based on the data quality requirement.

16. An apparatus for wireless communication, the apparatus comprising;

means for receiving, at a small cell, a wireless Multicast-Broadcast
Single Frequency Network (MBSFN) signal from a macro cell, wherein the small cell is
characterized by having a transmit power substantially less than each macro cell in a

wireless communication network with the small cell;

means for obtaining a measurement value of the MBSFN signal within a

radio range of the small cell; and

means for acting based on the measurement value.
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17.  An apparatus for wireless communication, comprising:

at least one processor configured for receiving, at a small cell, a wireless
Multicast-Broadcast Single Frequency Network (MBSFN) signal from a macro cell,
wherein the small cell is characterized by having a transmit power substantially less
than each macro cell in a wireless communication network with the small cell, obtaining
a measurement value of the MBSFN signal within a radio range of the small cell, and

acting based on the measurement value; and

a memory coupled to the at least one processor for storing data.

18.  The apparatus of claim 17, wherein the processor is further configured
for performing the obtaining by measuring a metric of the MBSFN signal as received at
the small cell, using a metric selected from Reference Signal Received Power (RSRP),

Reference Signal Received Quality (RSRQ), or Signal-to-Noise Ratio (SNR).

19.  The apparatus of claim 17, wherein the processor is further configured
for performing the obtaining by receiving information from a user equipment (UE) in

radio range of the small cell.

20.  The apparatus of claim 19, wherein the processor is further configured
for the receiving the information comprising a report indicating at least one of: a UE

interest in an MBSFN service, or an MBSFN signal strength.

21.  The apparatus of claim 19, wherein the processor is further configured
for receiving the information via a Physical Random Access Channel (PRACH) signal

from the UE.

22.  The apparatus of claim 17, wherein the processor is further configured
for performing the acting comprising setting a transmit power for transmitting the

MBSFN signal from the small cell.

23.  The apparatus of claim 22, wherein the processor is further configured
for setting the transmit power by ramping up the transmit power based on a number of

contiguous MBSFN subframes to be transmitted from the small cell.
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24.  The apparatus of claim 17, wherein the processor is further configured
for performing the acting comprising determining whether to transmit an MBSFN signal

from the small cell.

25.  The apparatus of claim 24, wherein the processor is further configured
for performing the determining whether to transmit an MBSFN signal further based on

whether the small cell is transmitting a unicast signal.

26.  The apparatus of claim 24, wherein the processor is further configured
for reporting at least one of MBSFN transmission status, MBSFN transmit power, and

unicast transmission status of the small cell to a Multicast Coordinating Entity (MCE).

27.  The apparatus of claim 17, wherein the processor is further configured
for performing the acting further based on a data quality requirement for the MBSFN

signal.

28.  The apparatus of claim 27, wherein the processor is further configured
for determining the data quality requirement based on at least one of: a data rate
Modulation and Coding Scheme (MCS) used in the MBSFN signal, or a data rate MCS
used by a user equipment (UE) receiving the MBSFN signal within radio range of the

small cell.

29.  The apparatus of claim 27, wherein the processor is further configured
for modulating power of MBSFN symbols transmitted by the small cell based on the

data quality requirement.

30. A non-transitory computer-readable medium holding instructions, that

when executed by a processor, cause a computer to:

receive, at a small cell, a wireless Multicast-Broadcast Single Frequency
Network (MBSFN) signal from a macro cell, wherein the small cell is characterized by
having a transmit power substantially less than each macro cell in a wireless
communication network with the small cell;

obtain a measurement value of the MBSFN signal within a radio range of
the small cell; and

act based on the measurement value.
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/1210

RECEIVING, BY A SMALL CELL, A WIRELESS
MULTICAST-BROADCAST SINGLE FREQUENCY
NETWORK (MBSFN) SIGNAL FROM A MACRO CELL,
WHEREIN THE SMALL CELL IS CHARACTERIZED BY
HAVING A TRANSMIT POWER SUBSTANTIALLY LESS
THAN EACH MACRO CELL IN A WIRELESS
COMMUNICATION NETWORK WITH THE SMALL CELL

l 1220

OBTAINING, BY THE SMALL CELL, A MEASUREMENT
VALUE OF THE MBSFN SIGNAL WITHIN A RADIO
RANGE OF THE SMALL CELL

l 1230

ACTING, BY THE SMALL CELL, BASED ON
THE MEASUREMENT VALUE

FIG. 12



WO 2014/134560 PCT/US2014/019642

9/14

1300
™ /1310

OBTAINING THE MEASUREMENT VALUE BY
MEASURING THE MBSFN SIGNAL AS RECEIVED
AT THE SMALL CELL

v 1320

PERFORMING THE MEASURING USING A METRIC
SELECTED FROM REFERENCE SIGNAL RECEIVED
POWER (RSRP), REFERENCE SIGNAL RECEIVED
QUALITY (RSRQ), OR SIGNAL-TO-NOISE RATIO (SNR)

FIG. 13

f1410

OBTAINING THE MEASUREMENT VALUE BY RECEIVING
INFORMATION FROM A USER EQUIPMENT (UE) IN
RADIO RANGE OF THE SMALL CELL

l /1420

RECEIVING THE INFORMATION COMPRISING A REPORT
INDICATING AT LEAST ONE OF: A UE INTEREST IN AN
MBSFN SERVICE, OR AN MBSFN SIGNAL STRENGTH

l /1430

RECEIVING THE INFORMATION VIA A PHYSICAL
RANDOM ACCESS CHANNEL (PRACH) SIGNAL
FROM THE UE

l 1440

RECEIVING THE INFORMATION ONLY IF AN MBSFN
SIGNAL STRENGTH MEASURED BY THE UE IS LESS
THAN A THRESHOLD VALUE

FIG. 14
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1500
o /1510

THE ACTING INCLUDES SETTING A TRANSMIT
POWER FOR TRANSMITTING THE MBSFN
SIGNAL FROM THE SMALL CELL

¢ /1520

SETTING THE TRANSMIT POWER INCLUDES
RAMPING UP THE TRANSMIT POWER BASED ON A
NUMBER OF CONTIGUOUS MBSFN SUBFRAMES
TO BE TRANSMITTED FROM THE SMALL CELL

FIG. 15

1600
o /1610

THE ACTING INCLUDES DETERMINING WHETHER TO
TRANSMIT AN MBSFN SIGNAL FROM THE SMALL CELL

l /1620

DETERMINING WHETHER TO TRANSMIT AN MBSFN
SIGNAL FURTHER BASED ON WHETHER THE SMALL
CELL IS TRANSMITTING A UNICAST SIGNAL

l /1630

REPORTING AT LEAST ONE OF MBSFN TRANSMISSION
STATUS, MBSFN TRANSMIT POWER, AND UNICAST
TRANSMISSION STATUS OF THE SMALL CELL TO A

MULTICAST COORDINATING ENTITY (MCE)

l /1640

THE MCE SETS A DATA RATE MODULATION AND
CODING SCHEME (MCS) USED IN THE MBSFN SIGNAL
BASED AT LEAST IN PART ON WHETHER THE SMALL

CELL IS TRANSMITTING A UNICAST SIGNAL

FIG. 16
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f1710

THE ACTING IS FURTHER BASED ON A DATA QUALITY
REQUIREMENT FOR THE MBSFN SIGNAL

l /1720

DETERMINING THE DATA QUALITY REQUIREMENT
BASED ON A DATA RATE MODULATION AND CODING
SCHEME (MCS) USED IN THE MBSFN SIGNAL

l /1 730

DETERMINING THE DATA QUALITY REQUIREMENT
BASED ON A DATA RATE MODULATION AND CODING
SCHEME (MCS) USED BY A USER EQUIPMENT (UE)
RECEIVING THE MBSFN SIGNAL WITHIN RADIO
RANGE OF THE SMALL CELL

l f1 740

MODULATING POWER OF MBSFN SYMBOLS
TRANSMITTED BY THE SMALL CELL BASED
ON THE DATA QUALITY REQUIREMENT

FIG. 17
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/1 804

COMPONENT FOR
RECEIVING A WIRELESS
MULTICAST-BROADCAST

SINGLE FREQUENCY
NETWORK (MBSFN) SIGNAL
FROM A MACRO CELL

COMPONENT FOR
OBTAINING A
MEASUREMENT VALUE
OF THE MBSFN SIGNAL
WITHIN A RADIO RANGE
OF THE SMALL CELL

/1 806

---------------

---------------

COMPONENT FOR
ACTING BASED ON THE
MEASUREMENT VALUE
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