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TARGET CELL SELECTION FOR MULTIMEDIA BROADCAST MULTICAST
SERVICE CONTINUITY

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority pursuant to 35 U.S.C. § 119(e) to U.S. provisional
application Serial No. 61/453,893, filed March 17, 2011, and to U.S. provisional
application Serial No. 61/494,795, filed June 8, 2011, which applications are hercby
incorporated by reference, in their entireties.

FIELD

[0002] Aspects of the present disclosure relate generally to wireless communication
systems, and more particularly, to providing Multimedia Broadcast Multicast (MBMS)
service continuity for mobile entities.

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. As used herein, a “carrier” refers to a radio band centered on a defined
frequency and used for wireless communications.

[0004] A wireless communication network may include a number of base stations that can
support communication for a number of user equipments (UEs), also referred to as mobile
entitics. 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)
represents a major advance in cellular technology as an evolution of Global System for
Mobile communications (GSM) and Universal Mobile Telecommunications System
(UMTS). The LTE physical layer (PHY) provides a highly 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
32716-00057



WO 2012/125976 PCT/US2012/029540

bandwidth communication for multimedia has been single frequency network (SFN)
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. In the
past, 3GPP LTE technology has been primarily used for unicast service, leaving

opportunities for improvements and enhancements related to broadcast signaling.

SUMMARY

[0007] Methods, apparatus and systems for target cell selection and MBMS service
continuity in a wireless communication system 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 for managing transfer of MBMS over a Single Frequency
Network (MBSFN) and idle mode unicast service for a mobile entity from a source base
station to a target base station of a cellular wireless communications system may include
identifying a plurality of candidate target base stations based on each having paging
signal strength and system information signal strength sufficient to support camping on

by the mobile entity in idle mode. The method may further include prioritizing the
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candidate target base stations in a priority order based in part on an MBMS status of the
mobile entity and on MBMS services support by respective ones of the candidate target
base stations. The method may further include transmitting an identifier for the target
base station from the source base station, for use in transferring the MBSFN service and
unicast service to the target base station.

[0009] In an aspect, the method may include in response to determining that none of the
candidate target base stations supports the MBSFN service for the mobile entity, selecting
a target base station that does not support the MBSFN service for the mobile entity. In
such case, the method may further include transmitting buffered MBMS content from the
source base station to the target base station for unicast transmission to the mobile entity.
Likewise, the method may further include stopping transmission of the buffered MBMS
content to the target base station in response to a signal indicating the target base station
is receiving the MBMS content from another source.

[0010] In other aspects, a method for handling transfer of MBSFN service and unicast
service by a mobile entity from a source base station to a target base station of a cellular
wireless communications system may include receiving a signal from the source base
station designating a target base station, completing a handover to the target base station,
and receiving MBMS content from the target base station in a unicast transmission for an
initial period. The method may further include receiving MBMS content in one of
multicast or unicast transmissions from the source base station, prior to completing the
handover. In an aspect wherein the target base station supports the MBSFN service for
the mobile entity, the method may include acquiring Multicast Control Channel (MCCH)
signals from the target base station for decoding MBMS content on MBSFN subframes.
In such case, the method may include receiving MBMS content from the target base
station in multicast transmissions, and decoding the MBMS content using information
from the acquired MCCH signals.

[0011] In other aspects, a method for obtaining an MBMS status of a mobile entity in a
cellular wireless communications system may include receiving, at a base station of the
wireless communication system, a message from the mobile entity including information
for providing to an administrative network node for use in MBMS service accounting,
and obtaining an MBMS status of the mobile entity from the message for use by the base
station. Receiving the message may further include receiving a counting response
message reporting at least one of an MBMS service the mobile entity is receiving or is

requesting. In an alternative aspect, receiving the message may include receiving at least
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one of a registration message identifying an MBMS service the mobile entity is
registering for, a de-registration message identifying an MBMS service the mobile entity
is de-registering, an activation message identifying an MBMS service the mobile entity is
activating, or a de-activation message identifying an MBMS service the mobile entity is
de-activating. The method may further include reading the message at the base station to
obtain the MBMS status.

[0012] In other aspects, a method for obtaining MBMS support information for a base
station in a cellular wireless communications system may include receiving, at a mobile
entity of the wireless communication system, a message from a serving base station,
obtaining an MBMS Service Area Identifier (SAI) for neighbor base stations from the
message, and selecting a preferred base station for MBMS service, using the SAI for
neighbor base stations. The method may further include transmitting an identifier for the
preferred base station to a serving base station for use in supporting service continuity.
The method may further include receiving the message on a Broadcast Control Channel
(BCCH). The method may further include determining, for the neighbor base stations, at
least one of an MBMS service support indicator, MBSFN synchronization area identifier,
MBSFN service identifier, and a MBSFN area identifier from the BCCH message.

[0013] In other aspects, a method for facilitating MBMS discovery in a wireless
communications system (WCS), may include transmitting a data element configured for a
mobile entity within a WCS area, the data element including service identifiers mapped to
corresponding cell identifiers to indicate respective MBMS services to be broadcast in the
WCS area on adjacent cells identified by respective ones of the cell identifiers, and
broadcasting the MBMS services within the WCS area using the adjacent cells previously
indicated in the data element. The method may further include providing a service arca
index to the mobile entity, indicating MBMS service areas supported by a cell serving the
mobile entity. Providing the service area index may include, for example, appending the
index in a System Information Block (SIB). For further example, preparing the service
area index may include sorting the list of recognized service areas by a corresponding
identifier to obtain a sorted list, removing duplicate identifiers from the sorted list,
numbering the sorted list using a sequence of index numbers, and storing the sequence of
index numbers for use in a service arca index for the recognized service arcas.

[0014] The method may include providing the service area index in the data element with a
service guide for transmission to the mobile entity, wherein the service guide includes a

unique service identifier for cach MBMS service in the MBMS service areas, and the data
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clement associates each unique service identifier with a service area index for a
corresponding one of the MBMS service areas. The method may include generating
information defining the data element including a service area index of recognized service
areas, using a network entity managing broadcasting within the WCS area. The method
may include determining, independently of MBMS Single Frequency Network (MBSFN)
service areas, sets of service identifiers for the MBMS services to be broadcast in the
WCS area, each set indicating a group of MBMS services to be transmitted on a
respective one of the adjacent cells. The method may include advertising a count of
adjacent cells that carry respective ones of the MBMS services. In such case, the method
may include hashing information mapping at least one of the service identifiers to a
corresponding one of the adjacent cells, using a hash function operating on input
parameters including the count of adjacent cells to provide the data element as a hashed
output.

[0015] In an other aspect, a method for discovering MBMS in a WCS may include
receiving a data element from a network entity within a WCS area, the data element
including service identifiers mapped to corresponding cell identifiers to indicate
respective MBMS services to be broadcast in the WCS area on one or more adjacent cells
that are identified by respective ones of the cell identifiers, and discovering at least one of
the MBMS services broadcast within the WCS area on a corresponding one of adjacent
cells, using the data element. The method may include receiving a service area index
indicating MBMS service areas supported by a serving base station. The method may
further include receiving a second service area index indicating MBMS service areas
supported by a neighboring base station. Receiving the service area index may include
receiving the data element with a service guide, wherein the service guide includes a
unique service identifier for cach MBMS service in the MBMS service areas, and the data
clement associates each unique service identifier with a service area index for a
corresponding one of the MBMS service areas.

[0016] In related aspects, the method may include receiving an MBSFN Area ID/MBMS
service area map that maps MBMS Single Frequency Network (MBSFN) area identifiers
to the MBMS service areas from a network entity, and determining a cell identifier for a
desired one of the MBMS services, using the MBSFN Area ID/MBMS service area map
with information mapping the MBSFN area identifiers to base station identifiers received

from a base station. The method may include acquiring a program start time for a desired
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MBMS service, using a service guide, and scanning ones of the adjacent cells to detect
the MBMS service, starting at a time determined in relation to the program start time.

[0017] Receiving the data element may include receiving at least one of sets of service
identifiers for the MBMS services to be broadcast in the WCS area from a network entity,
each set indicating a group of MBMS services to be transmitted on a respective one of the
adjacent cells. In an alternative, or in addition, receiving the data element may include
receiving information mapping each of one or more sets of service identifiers to a
respective one of the adjacent cells from a base station. In such case, the method may
include determining a adjacent cell for the at least one of the MBMS services, using the at
least one of the sets of service identifiers and the information mapping each of one or
more sets of service identifiers to a respective one of the adjacent cells.

[0018] In related aspects, a wireless communications 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 mobile entitics or base stations of
various types used for wireless communications. Similarly, an article of manufacture
may be provided, including a non-transitory computer-readable medium holding encoded
instructions, which when executed by a processor, cause a wireless communications

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a block diagram conceptually illustrating an example of a
telecommunications system.

[0020] FIG. 2 is a block diagram conceptually illustrating an example of a down link
frame structure in a telecommunications system.

[0021] FIG. 3 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.

[0022] FIG. 4 is a diagram of a signaling frame illustrating an example of symbol
allocation for unicast and multicast signals.

[0023] FIG. 5 is a schematic diagram illustrating various service continuity scenarios for

multicast services.
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[0024] FIGS. 6-10 illustrate embodiments of a methodology for managing transfer of
MBMS over a Single Frequency Network (MBSFN) services, using a source base station
of a wireless communications system.

[0025] FIG. 10 illustrates an embodiment of an apparatus for managing transfer of
MBSFN services, in accordance with the methodologies of FIGS. 6-10.

[0026] FIGS. 12-13 illustrate embodiments of a methodology for handling transfer of
MBSFN service, using a mobile entity of a wireless communications system.

[0027] FIG. 14 illustrates an embodiment of an apparatus for handling transfer of MBSFN
services, in accordance with the methodologies of FIGS. 12-13.

[0028] FIGS. 15-16 illustrate embodiments of a methodology for handling transfer of
MBSFN service, using a target base station of a wireless communications system.

[0029] FIG. 17 illustrates an embodiment of an apparatus for handling transfer of MBSFN
services, in accordance with the methodologies of FIGS. 15-16.

[0030] FIGS. 18-20 illustrate embodiments of a methodology for obtaining an MBMS
status of a mobile entity.

[0031] FIG. 21 illustrates an embodiment of an apparatus for obtaining an MBMS status of
a mobile entity, in accordance with the methodologies of FIGS. 18-20.

[0032] FIG. 22 illustrates an embodiment of a methodology for operating a reserved base
station in an MBMS area.

[0033] FIG. 23 illustrates an embodiment of an apparatus for operating a reserved base
station, in accordance with the methodology of FIG. 22.

[0034] FIGS. 24-26 illustrate embodiments of a methodology for obtaining MBMS
support information for a base station.

[0035] FIG. 27 illustrates an embodiment of an apparatus for obtaining MBMS support
information, in accordance with the methodologies of FIGS. 24-26.

[0036] FIG. 28 is a diagram illustrating MBMS over Single Frequency Network (MBSFN)
areas.

[0037] FIG. 29 is a block diagram illustrating components of a wireless communication
system for providing or supporting MBSFN service.

[0038] FIG. 30 is a block diagram illustrating functional components of a network entity
for providing broadcast services.

[0039] FIG. 31 is a block diagram illustrating functional components in Unified Modeling
Language (UML) form of a metadata fragment for MBMS user service

discovery/announcement.
32716-00057



WO 2012/125976 PCT/US2012/029540

[0040] FIG. 32 is a block diagram illustrating components of a network subsystem for
coordinating broadcasts.

[0041] FIG. 33 is a block diagram illustrating functional components of a broadcast
coordinating network entity and connected network components.

[0042] FIGS. 34A-C are protocol tables illustrating examples of M2 interface setup
messages.

[0043] FIGS. 35A-B are protocol tables illustrating a further example of an M2 interface
setup message and an example of a session start request message.

[0044] FIG. 36 is a protocol table illustrating an example of an M2 session start response
message.

[0045] FIGS. 37A-G illustrate embodiments of a methodology for providing information
facilitating discovery of broadcast services, by a network entity providing broadcast
control services.

[0046] FIG. 38 illustrates an example of an apparatus for implementing the methodologies
of FIGS. 37A-G.

[0047] FIGS. 39A-G illustrate embodiments of a methodology for discovery of broadcast
services by a mobile entity.

[0048] FIG. 40 illustrates an example of an apparatus for implementing the methodologies
of FIGS. 39A-G.

DETAILED DESCRIPTION

[0049] 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.

[0050] The techniques described herein may be used for various 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),

c¢dma2000, etc. UTRA includes Wideband CDMA (WCDMA) and other variants of
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CDMA. CDMA2000 covers IS-2000, 1S-95 and IS-856 standards. A 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.

[0051] 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 corresponding particular
geographic arca 102a, 102b, 102¢. In 3GPP, the term “cell” can refer to a coverage arca
of an eNB and/or an eNB subsystem serving this coverage area, depending on the context
in which the term is used.

[0052] 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 (HNB). 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 102x. The eNBs 110y
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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.

[0053] 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.

[0054] The wireless network 100 may be a heterogeneous network that includes eNBs of
different types, for example, macro eNBs, pico eNBs, femto eNBs, or relays. 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., 20 Watts) whereas pico eNBs,
femto eNBs and relays may have a lower transmit power level (e.g., 1 Watt).

[0055] 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.

[0056] 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 connection. The eNBs 110 may also communicate with one another,
e.g., directly or indirectly via wireless or wireline backhaul.

[0057] The UEs 120 may be dispersed throughout the wireless network 100, and each UE
may be stationary or mobile. A UE may also be referred to as a terminal, a mobile entity,
a mobile station, a subscriber unit, a station, or other terminology. A UE may be a
cellular phone, a 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 entitics. 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
32716-00057
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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.

[0058] 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
are also commonly 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.

[0059] FIG. 2 shows a down link frame structure used in LTE. The transmission timeline
for the downlink may be partitioned into units of radio frames 200. Each radio frame, for
example, frame 202, may have a predetermined duration (e.g., 10 milliseconds (ms)) and
may be partitioned into 10 subframes 204 with indices of O through 9. Each subframe, for
example ‘Subframe 0’ 206, may include two slots, for example, ‘Slot 0’ 208 and ‘Slot 1°
210. Each radio frame may thus include 20 slots with indices of 0 through 19. Each slot

2

may include ‘L’ symbol periods, e.g., 7 symbol periods 212 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 21.-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.

[0060] 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 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.
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[0061] 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 214 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.

[0062] 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.

[0063] 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 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
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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.

[0064] 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.

[0065] 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), etc.

[0066] 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. For example,
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.

[0067] 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. In addition, the processor 340 and/or other processors and modules at
the eNB 110 may also perform or direct the execution of the functional blocks illustrated
in FIGS. 11, 13, 14A-C, 16, or 17, and/or other processes for the techniques described
herein. 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 may
process a respective output symbol stream (e.g., for OFDM, etc.) to obtain an output

sample stream. FEach modulator 332 may further process (e.g., convert to analog,
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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.

[0068] 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.

[0069] 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.

[0070] 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 perform or direct the execution of various 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 the flow diagrams of the figures herein, and/or other processes for the

techniques described herein. The memories 342 and 382 may store data and program
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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.

[0071] 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

[0072] 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 SFN
operation. SFNs utilize radio transmitters, such as, for example, eNBs, to communicate
with subscriber UEs. Groups of eNBs can transmit information intended for more than
one UE in a synchronized manner, so that signals reinforce one another rather than
interfere with cach other. In the context of eMBMS, multicast content is transmitted from
multiple eNB’s of a LTE network to multiple UEs. Therefore, within a given eMBMS
area, a UE may receive eMBMS signals from any eNB (or eNBs) within radio range.
However, to decode the eMBMS signal each UE receives Multicast Control Channel
(MCCH) information from a serving eNB over a non-ceMBMS channel. MCCH
information changes from time to time and notification of changes is provided through
another non-eMBMS channel, the PDCCH. Therefore, to decode eMBMS signals within
a particular eMBMS area, each UE is served MCCH and PDCCH signals by one of the
eNBs in the area.

[0073] In accordance with aspects of the subject of this disclosure, there is provided a

wireless network (e.g., a 3GPP network) having features relating to single carrier
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optimization for eMBMS. eMBMS provides an efficient way to transmit multicast
content from an LTE network to multiple mobile entities, such as, for example, UEs.

[0074] With respect a physical layer (PHY) of eMBMS for LTE Frequency Division
Duplex (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.

[0075] An example of subframe allocation for eMBMS is shown in FIG. 4, which shows
an existing allocation of MBSFN reference signals on MBSFN subframes, for a single-
carrier case. Components depicted in FIG. 4 correspond to those shown in FIG. 2, with
FIG. 4 showing the individual subcarriers within each slot and resource block (RB). In
3GPP LTE, an RB spans 12 subcarriers over a slot duration of 0.5 ms, with each
subcarrier having a bandwidth of 15 kHz together spanning 180 kHz per RB. Subframes
may be allocated for unicast or eMBMS; for example in a sequence of subframes 400
labeled O, 1, 2, 3,4, 5, 6,7, 8 and 9, subframes 0, 4, 5, and 9 may be excluded from
¢eMBMS in FDD. Also, subframes 0, 1, 5, and 6 may be excluded from eMBMS in time
division duplex (TDD). More specifically, subframes 0, 4, 5, and 9 may be used for PSS/
SSS / PBCH / paging / system information blocks (SIBs) and unicast service. Remaining
subframes in the sequence, e.g., subframes 1, 2, 3, 6, 7, and 8 may be configured as
eMBMS subframes.

[0076] With continued reference to FIG. 4, within each eMBMS subframe 402, the first 1
or 2 symbols may be used for unicast reference symbols (RSs) and control signaling. A
CP length of the first 1 or 2 symbols may follow that of subframe 0. A transmission gap
may occur between the first 1 or 2 symbols and the eMBMS symbols if the CP lengths
are different. In related aspects, the overall eMBMS bandwidth utilization may be 42.5%
considering RS overhead (e.g., 6 eMBMS subframes and 2 control symbols within each
eMBMS subframe). Known techniques for providing MBSFN RSs and unicast RSs
typically involve allocating the MBSFN RSs on MBSFN subframes (as shown in FIG. 4),
and separately allocating unicast RSs on non-MBSFN subframes. More specifically, as
FIG. 4 shows, the extended CP of the MBSFN subframe includes MBSFN RSs but not

unicast RSs.
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eMBMS SERVICE CONTINUITY

[0077] Movement of a mobile entity from a source cell to a target cell may give rise to
eMBMS service continuity problems, whether or not the eMBMS service of interest is
available in the target cell. These issues are independent of unicast service continuity
handling, and may be resolved in coordination with handling of unicast service continuity
according to known techniques. However, current unicast mobility procedures do not
support MBMS service continuity, and therefore MBMS service can be interrupted or
discontinued when a mobile entity moves from one cell into another. As specified in
3GPP Technical Specification (TS) 36.300, mobile entities that are receiving MBMS
service while in an RRC IDLE state performing cell reselection, or are in an
RRC CONECTED state, obtain target cell MBMS Traffic Channel (MTCH) information
from the target cell MCCH. The presence of an MBMS service does not affect unicast
mobility for the mobile entity, except to the extent that the frequency layer carrying the
MBMS transmission may be set to a high priority to help service continuity for mobile
entities in the RRC _IDLE state.

[0078] Certain eMBMS service continuity problems require novel approaches for
resolution as described in more detail below. One approach calls for introducing a bit
into mobile entity capability indication to indicate whether or not the mobile entity
supports MBMS service. The source eNB then hands off RRC connected-state mobile
entities to a target cell providing MBMS service, when possible. Another approach calls
for the mobile entity to indicate whether or not it is currently receiving MBMS service to
the source eNB, which hands off the mobile entity to a target eNB providing the MBMS
service, if possible. Both of these approaches provide greater support for MBMS service
continuity than presently available, but provide limited applicability and functionality.
Going beyond these basic solutions, the present disclosure introduces enhanced unicast
and multicast mobility procedures to support eMBMS service continuity in a variety of
different circumstances. In addition, multicast-to-unicast procedures are used to extend
MBMS service continuity into cells outside of current MBSFN areas.

[0079]  As used herein, an “MBMS service area” refers to a group of wireless transmission
cells where a certain MBMS service is available. For example, a particular sports or
other program may be broadcast by base stations within the MBMS service arca at a
particular time. The area where the particular program is broadcast defines the MBMS

service arca. The MBMS service area may be made up of one or more “MBSFN areas.”
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As used herein, an MBSFN area refers to a group of cells currently broadcasting a
particular program in a synchronized fashion (i.e., transmitting the same signal at
synchronized times) using an MBSFN protocol. An “MBSFN synchronization arca”
refers to a group of cells that are interconnected in a way such that they are capable of
operating in a synchronized fashion to broadcast a particular program using an MBSFN
protocol. Each eNB can belong to only one MBSFN synchronization area, on a given
frequency layer. It is worth noting that an MBMS service area may include one or more
MBSFN synchronization areas. Conversely, an MBSFN synchronization area may
include one or more MBSFN areas or MBMS service areas. Generally, an MBSFN arca
is made up of all, or a portion of, a single MBSFN synchronization area and a single
MBMS service area. Overlap between various MBSFN areas is supported, and a single
eNB may belong to several different MBSFN arecas. For example, up to 8 independent
MCCHs may be configured in System Information Block (SIB) 13.

[0080] Complexity in the underlying MBMS architecture may give rise to numerous
different mobility scenarios, which are described in connection with FIG. §, illustrating a
wireless communications network 500 including multiple cells and groups of cells 502,
504, 506 and 508. The groups of cells 502, 504 and 506 are indicated by different cross-
hatching patterns, and represent different MBSFN areas. Group 508 represents an area in
which MBMS service is not being provided. The different groups 502, 504, 506 and 508
may themselves belong to various MBMS service areas and MBSFN synchronization
areas. For example, and not by way of limitation, groups 502 and 504 may belong to a
first MBSFN synchronization area, while groups 506 and 508 belong to a second MBSFN
synchronization area. For further example, groups 502, 504, and 506 may belong to a
common MBMS service area, while group 508 is outside of the MBMS service area.

[0081] A first Group ‘A’ of mobility scenarios is represented by movement of a mobile
entity 510 from a source cell 505a to a target cell 505b within the same MBSFN area 504.
Scenarios within Group A may be distinguished on the basis of whether or not the target
cell 505b is a reserved cell; and if not, whether it has an immediate neighbor that is a
reserved cell. In the MBMS context, a reserved cell is a cell that does not broadcast
MBSFN signals, to avoid interference with nearby cells that are not in the same MBSFN
area. Reserved cells are generally located at or near the boundary of an MBSFN area. At
least three mobility scenarios exist within Group A:

Al: The target cell is not a reserved cell, and has no immediate neighbor that is a

reserved cell.
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A2: The target cell is not a reserved cell, and has an immediate neighbor that is a
reserved cell.
A3: The target cell is a reserved cell.

[0082] Current procedures only support MBMS service continuity under Scenarios Al and
A2. Under Scenario A3, the mobile entity 510 loses MBMS service once handed over to
the reserved target cell, regardless of whether or not the mobile entity can actually receive
the MBMS signal at its current location. This is because, according to current
procedures, a reserved cell does not transmit SIB 13 or the PDCCH for MCCH
acquisition or change notification. Therefore, the mobile entity cannot acquire the
MBMS parameter required to decode the MCCH and/or MTCH, even if it is able to
receive these channels.

[0083] A second Group ‘B’ of mobility scenarios is represented by movement of a mobile
entity 512 from a source cell 505¢ to a target cell 503a in a different MBSFN area 502.
Scenarios within Group B may be distinguished on the basis of whether or not the
different MBSFN 502 is in the same MBMS service area; and if it is in the same MBMS
service area, whether or not it is in the same MBSFN synchronization area. At least three
mobility scenarios exist within Group B:

B1: The target cell is in the same MBMS service area as the source cell, AND in the
same MBSFN synchronization area.

B2: The target cell is in the same MBMS service area as the source cell, and NOT in
the same MBSFN synchronization area.

B3: The target cell is NOT in the same MBMS service area as the source cell.

[0084] A third mobility Scenario ‘C’ is represented by movement of a mobile entity 514
from a source cell 507a to a target cell 509a in an area that does not provide MBMS
service. Conversely, a forth mobility Scenario ‘D’ is represented by movement of a
mobile entity 516 from a source cell 509a in an area that does not provide MBMS service
to a target cell 507a in an area that provides MBMS service. All scenarios in Group B,
and Scenario C, may involve a multicast-to-unicast procedure and/or an inter-frequency
or inter-Radio Access Technology (RAT) mobility procedure. Scenarios in Group A may
sometimes involve a multicast-to-unicast procedure, not related to movement of the
mobile entity but resulting from a network-side decision to turn on/off MBSFN
transmission of a particular service. Multicast-to-unicast procedures are already specified
in the Internet Protocol (IP layer) of 3GPP Release 10, and may entail an interruption

period.
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[0085] The eNBs for some or all cells of the system 500 may be connected to a core
network 520, including various components, the details of which are generally beyond the
scope of the present disclosure. For illustrative simplicity, the core network components
520 are shown connected to the eNBs of MBSFN area 506 only, but it should be
appreciated that the core components 520 may be connected to all eNBs of system 500.
The core components 520 may include, or may be connected to, network components
related to MBMS services, for example a Broadcast-Multicast Service Center (BM-SC) or
a Multicast Coordinating Entity (MCE).

SOLUTIONS FOR RRC-CONNECTED ENTITIES

[0086] Backward handover is used for mobile entities in an RRC_CONNECTED state, in
which the eNB selects the target cell, with or without mobile assistance. In this situation,
the eNB may obtain knowledge of MBMS status of the mobile entity in various ways,
none of which require changing existing protocols to add an MBMS status bit to
communications from the mobile entity. One possibility is for the eNB of the source cell
to obtain MBMS status by parsing a counting response message from the mobile entity.
Normally, the eNB passes counting response information to the MCE, for example by
compiling information from counting result responses from mobile entities, and
forwarding the compiled information to the MCE. It may continue to do so; however, in
addition, it processes information in the counting response message to determine a current
MBMS status. In a counting response message, the mobile entity reports information
about one or more MBMS services it is currently receiving, or is interesting in receiving.
This information may be used by the MCE for administrative purposes, and by the eNB
for supporting enhanced service continuity. Similarly, the eNB may process MBMS
subscription or registration information that it would otherwise merely pass on to the
MCE, BM-SC, or other system node for uses unrelated to service continuity, to use in
supporting MBMS service continuity. This information may be updated whenever the
mobile entity registers or de-registers an MBMS service. In the alternative, or in
addition, the eNB may process MBMS service activation information that it would
otherwise merely pass on to the MCE or BM-SC or other system node for uses unrelated
to service continuity. In addition to passing this information on, the eNB may process the
service activation information to obtain the MBMS status of the mobile entity for use in
supporting service continuity. The MBMS activation information may be updated

whenever the mobile entity activates or deactivates an MBMS service.
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[0087] Based on the mobile entity’s MBMS status, in a handover context the eNB can
prioritize candidate target cells based on their MBMS capabilities and status, in addition
to conventional metrics used in unicast handovers, for example, measurement reports or
open/close closed subscriber group (CSG) cells. Therefore, the eNB enables providing
the best possible MBMS service continuity permitted by applicable unicast mobility
requirements.

[0088] The mobile entity may provide input to a selection process carried out by the eNB.
From the Broadcast Control Channel (BCCH), the mobile entity obtains information
about MBMS service support of cells in its neighbor list. For example, the neighbor list
as currently configured in SIB 3 indicates the MBSFN subframe configuration of
neighbor cells. The subframe configuration can be used as a rough indication of MBMS
service support by neighbor cells. In addition, more detailed information may be added to
the BCCH. For example, an indicator of MBMS service support, MBSFN
synchronization area identifier, MBSFN area identifier, or other MBMS information may
be added to the BCCH for each cell in the mobile entity’s neighbor list. Such information
may be added in SIB 3, SIB 13, or other system information blocks. Using available
MBMS information about neighbor cells, the mobile entity may prioritize (rank) neighbor
cells based on MBMS parameters, and indicate one or more top-ranking neighbor cells to
the eNB. The eNB may then select the target cell using a ranking process that weights the
preferences indicated by the mobile entity appropriately.

[0089] The eNB may use available MBMS information about prospective cells to
prioritize (rank) prospective target cells in order of MBMS capability. This ranking may
be performed after first excluding (or later rejecting) candidate target cells that are not
capable of providing an adequate level of unicast service continuity for the mobile entity.
Exactly what constitutes an adequate level of unicast service continuity may vary, and is
beyond the scope of the present disclosure. It should be apparent, however, that a
candidate target cell that provides poor unicast service continuity may not make a suitable
target cell choice regardless of its MBMS service capabilities, in circumstances where the
end user is interested in maintaining continuous unicast service. In other circumstances,
for example, where the user is not interested in maintaining unicast service, the quality of
unicast service may be more lightly weighted or even disregarded in the selection priority.
That said, the source eNB may prioritize candidate target cells for MBMS service
continuity, according to a scheme as follows, proceeding in priority order from the

highest to lowest as shown:
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A cell satisfying Scenario Al (same MBSFN area, not a reserved cell, and no reserved
neighbors)

A cell satisfying Scenario A2 (same MBSFN area, not a reserved cell, with one or more
reserved neighbors)

[0090] If the eNB cannot determine whether or not a candidate cell has a reserved
neighbor cell, Scenarios Al and A2 may be collapsed into a single scenario. To enable
the eNB to determine whether or not a candidate cell has a reserved neighbor, a flag may
be placed in a SIB indicating this information. Resuming the priority order:

A cell satisfying Scenario A3 (same MBSFN area, reserved cell).

[0091] To support MBMS service in a reserved cell, the reserved cell may transmit SIB 13
and PDCCH for MCCH acquisition or change notification, although it does not transmit
MBSFN signals (e.g., MCCH or MTCH). The mobile entity decodes the Physical
Multicast Channel (PMCH) using the MCCH information from the reserved eNB.

A cell satisfying Scenario B1 (different MBSFN area, same MBMS service arca and same

MBSFN synchronization area.)

[0092] Under Scenario BI, the mobile entity continues to decode the PMCH using the
previous MTCH/MCCH configuration until a new configuration is received from the
target cell. Then, the mobile entity switches to the new MTCH/MCCH configuration of
the target cell. The mobile entity’s Media Resource Broker (MRB) should be re-
established or re-configured for the new MTCH/MCCH configuration.

A cell satisfying Scenario B2 (different MBSFN area, same MBMS service area and
different MBSFN synchronization area.)

[0093] Under Scenario B2, MBMS service continuity can be maintained, provided that the
MBMS content can be buffered in advance to resolve the MBMS delivery timing
differences between different MBSFN synchronization areas, thereby enabling continuity
across the different synchronization areas.

A cell satisfying Scenario B3 (different MBSFN area, and different MBMS service area).

[0094] In scenario B3, assuming the MBMS data is not available by multicast in the target
cell, it may be made available by unicast transmission instead. For example, the source
cell may deliver buffered MBMS contents to the target cell until the target cell is able to
obtain continuing MBMS content from a network source. The target cell initiates
scheduling of the MBMS content to the mobile entity in unicast mode, and continues the
service in unicast mode. In the alternative, if there is no support for a multicast-to-unicast

handover procedure, the source cell migrates the mobile entity to receive the MBMS
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content in unicast mode, and initiates scheduling of the MBMS content by unicast. The
unicast service is handed over to the target cell, which continues service in unicast mode.
If the MBMS data happens to be available in the new MBMS service area, the handover
may be handled similarly to Scenario B2.

A cell satisfying Scenario C (non-MBSFN area).

[0095] Service continuity to a non-MBSFN area may be handled in the same way as
Scenario B3 described above. The converse of Scenario C is Scenario D, continuity out
of a non-MBMS area. Under Scenario D, the mobile entity is receiving MBMS content
by unicast mode, and is handed over to a cell in which it can receive the content via
multicast/broadcast service. Scenario D does not appear in the priority list provided
above, pertaining instead to the converse of a handover from a MBSFN area. However, a
source cell in a non-MBSFN area may apply a priority order similar to 1-7 above in
selecting a target cell for a mobile entity that is receiving MBMS content via unicast. In
Scenario D, assuming the target cell is a non-reserved cell of an MBSFN area for the
service being received by the mobile entity, the mobile entity is handed over to the target
cell using a unicast mobility procedure. The mobile entity starts to acquire SIB 13 and
PDCCH from the target cell to acquire MCCH and decode MTCH. The target cell stops
unicast MBMS service to the mobile entity once the service is broadcast using MBSFN.
The exact timing for stopping unicast MBMS service depends on the timing of MBMS
service on MBSFN subframes.

[0096] Further disclosure regarding solutions for RRC CONNECTED state mobile
entities is provided under the heading “Example Methodologies” below, which examples
should be understood in light of the foregoing disclosure. Before discussing the example
methodologies, MBMS solutions for RRC IDLE state mobile entities are disclosed under
the heading below.

SOLUTIONS FOR RRC-IDLE ENTITIES

[0097] The source eNB does not control selection of target cells for mobile entities in
RRC IDLE state. Instead, the idle mobile entity controls target selection. The same
continuity scenarios as discussed above for connected entities apply in the mobile
context. Service is interrupted for the idle mobile entity in case of Scenarios A3, B3 or C.
Similarly to the eNB, the mobile entity may also prioritize target cells based on MBMS
criteria in addition to conventional service metrics. A suitable priority order may be, for

example, Scenario Al, A2, B1, B2, ordered from high to low.
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[0098] Determining the MBMS status of neighboring cells may be useful. One approach
may be to read the SIB 13 information for each of the neighboring base stations within
radio range. However, acquisition of SIB 13 may take significant time and overhead, and
may not be a practical solution. Another approach may be to include an MBSFN area
identifier in a SIB 1 for base stations. The mobile entity could then read SIB 1 for each of
the neighbor cells to determine whether each cell belongs to the same MBSFN area as the
source cell, and assign higher priority to such cells. However, reading of SIB 1 for
neighbor cells may also be impractical for reasons of time and overhead. Other
approaches may include adding the MBSFN area identifier to a PBCH reserved field, but
this may entail significant UE complexity.

[0099] In the alternative, neighbor list information in SIB 3 indicates the MBSFN
subframe configuration of neighbor cells. Therefore the mobile entity may read the SIB 3
information of the source cell to obtain a rough indication of MBMS support by cells in
the neighbor list. This approach eliminates the need to reach candidate cells’ BCCH
information. To refine information available from the serving cell, more detailed
information can be transmitted in the BCCH of the source cell. Such information may
include, for example, MBMS service support identifier, MBSFN synchronization area
identifier, MBSFN service area identifier, MBSFN area identifier, reserved cell indicator,
reserved cell neighbor indicator, or other MBSFN parameter of interest. Such
information may be added in SIB 3, SIB 13, or other SIBs of the source cell. If sufficient
information is available, the mobile entity may prioritize target cells for MBSM
continuity similarly to the way the eNB does for connected mobile entities, except that
handover of MBMS service to unicast delivery is not available in idle mode. The priority
order therefore becomes (from high to low): Scenario Al, A2, A3, Bl and then B2.
Service is interrupted in scenarios where multicast delivery is not available in any suitable
candidate target cell, for example, B3 or C.

EXAMPLE METHODOLOGIES AND APPARATUS

[00100] 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/operations, it is to
be understood and appreciated that the claimed subject matter is not limited by the

number or order of operations, as some operations may occur in different orders and/or at
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substantially the same time with other operations from what is depicted and described
herein.  Moreover, not all illustrated operations may be required to implement
methodologies described herein. It is to be appreciated that functionality associated with
operations 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.

[00101] FIG. 6 shows a method 600 for managing transfer of MBSFN service and
unicast service for a mobile entity from a source base station to a target base station of a
cellular wireless communications system. As used herein, a “transfer” includes a forward
handoff, which is UE-initiated, a reverse handoff, which is base station-initiated, without
being limited to only to forward or reverse handoffs. Also, as used herein, a “base
station” means an eNB, a Node B, a Home Node B, or similar network component of a
wireless communications system. The method 600 may include the base station, at 610,
identifying a plurality of candidate target base stations based on each having paging
signal strength and system information signal strength sufficient to support camping on
by the mobile entity in idle mode. The mobile entity may be in idle mode. The base
station may receive one or more measurement reports from the mobile entity to enable it
to determine whether or not a candidate station has sufficient paging signal strength and
system information signal strength to support camping on by the mobile entity.

[00102] The method 600 may include the base station, at 620, prioritizing the
candidate target base stations in a priority order based in part on an MBMS status of the
mobile entity and on MBMS services support by respective ones of the candidate target
base stations. Specific examples of priority orders have been provided in the disclosure
above, and may be implemented using any suitable programming method. Optionally,
the method 600 may further include the base station, at 630, selecting a target base station
that does not support the MBSFN service for the mobile entity, in response to
determining that none of the candidate target base stations supports the MBSFN service
for the mobile entity. The method 600 may further include the base station, at 640,

transmitting an identifier for the target base station from the source base station, for use in
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transferring the MBSFN service and unicast service to the target base station. The
transmission may be performed wirelessly in accordance with one or more protocols
described herein.

[00103] FIG. 7 shows further optional elements 700 that may be implemented for use
by the base station in selecting, for example as at 610 shown in FIG. 6, the target base
station. The optional elements 700 may arise from programming the base station to
operate according to one or more of the priority orders for selection of a target base
station, as disclosed above. All of the elements 700 may be combined to provide an
overall selection priority order, or one or more elements may be omitted as appropriate
for operating conditions. The elements 700 may be performed in any operative order, or
may be encompassed by a selection algorithm without requiring a particular
chronological order of performance. Operations 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. For example, if the
method 600 includes at least one operation of FIG. 7, then the method 600 may terminate
after the at least one operation, without necessarily having to include any subsequent
downstream operation(s) that may be illustrated.

[00104] The additional elements 700 may include, at 710, the source base station
prioritizing ones of the candidate target base stations belonging to a common MBSFN
area with the source base station higher in the priority order than ones of the candidate
target base stations outside of the common MBSFN area. With respect to all of the
additional elements 700, prioritizing a candidate base station higher in the priority order
means that the candidate base station will be selected as the target base station instead of
the candidate ranked lower in the priority order; unless the higher-ranked candidate is
ruled out for some reason, such as for being temporarily out of service or being unable to
provide an acceptable quality of service.

[00105] The additional elements 700 may further include, at 720, the source base
station prioritizing ones of the candidate target base stations belonging to the common
MBSFN area and having no reserved neighbor base stations higher in the priority order
than reserved base stations belonging to the common MBSFN area. The additional
elements 700 may further include, at 730, the source base station prioritizing ones of the
candidate target base stations belonging to a common MBSFN synchronization area with
the source base station and outside the common MBSFN area lower in the priority order

than the ones candidate target base stations belonging to the common MBSFN area and
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higher than ones of the candidate target base stations outside of the common MBSFN
synchronization areca. The additional elements 700 may further include, at 740, the source
base station prioritizing ones of the candidate target base stations outside of a common
MBSFN service area with the source base station lower in the priority order than ones of
the candidate target base stations inside of the common MBSFN service area.

[00106] The additional elements 700 may further include, at 750, the source base
station prioritizing ones of the candidate target base stations in the priority order in order
of quality of unicast service provided. It should be appreciated that because quality of
unicast service may be independent of MBMS-related parameters as used in elements
710, 720, 730 and 740, it may cause an aggregate ranking for a candidate to differ from
what would otherwise be realized. For example, if elements 710 and 750 are used in
combination, in some circumstances the combination of quality of unicast service and
MBSFN area may result in a candidate in the common MBSFN area with a quality of
service ranking, in the aggregate, lower than a candidate outside the common MBSFN
arca but with a much higher quality of service. The circumstances in which this will
occur depends on the relative values of the various parameters considered in the ranking
algorithm, and relative weights assigned to the various parameters in ranking, the details
of which are beyond the scope of the present disclosure.

[00107] FIG. 8 shows further optional operations or aspects 800 that may be performed
by the source base station in conjunction with the method 600 for managing transfer of
MBSFN service from a source base station to a target base station. The operations shown
in FIG. 8 are not required to perform the method 600. Operations 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.
For example, if the method 600 includes at least one operation of FIG. 8, then the method
600 may terminate after the at least one operation, without necessarily having to include
any subsequent downstream operation(s) that may be illustrated. The method 600 may
further include, at 810, the source base station receiving a signal from the mobile entity
indicating one or more of the candidate target base stations as preferred target base
stations. The method 600 may further include, at 820, the source base station prioritizing
the preferred target base stations indicated by the signal from the mobile entity higher in
the priority order than others of the candidate target base stations.

[00108] FIG. 9 shows further optional operations or aspects 900 that may be performed

by the source base station in conjunction with the method 900 for managing transfer of
32716-00057



WO 2012/125976 PCT/US2012/029540
28

MBSFN service from a source base station to a target base station. The operations shown
in FIG. 9 are not required to perform the method 600. Unless positioned directly on
opposing branches off of the “in the alternative” diamond 915, operations 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. Conversely, operations that are positioned directly on opposing
branches off of the “in the alternative” diamond are expected to be mutually exclusive
alternatives in any particular instance of the method. If the method 600 includes at least
one operation of FIG. 9, then the method 600 may terminate after the at least one
operation, without necessarily having to include any subsequent downstream operation(s)
that may be illustrated.

[00109] The method 600 may further include, at 910, the source base station selecting
the target base station comprising a base station that does not support the MBSFN service
for the mobile entity. According to an alternative 915, the method 600 may further
include, at 920, transmitting buffered MBMS content to the target base station for unicast
transmission to the mobile entity. This alternative may be performed in response to
determining that the target base station supports a handover functionality for the content
delivery, so that, for example, it is able to receive and process the buffered content from
the source base station. In addition, the method 600 may further include, at 930, the
source base station stopping transmission of the buffered MBMS content to the target
base station in response to a signal indicating the target base station is receiving the
MBMS content from another source.

[00110] In the alternative 915, the method 600 may further include, at 940, the source
base station scheduling MBMS content for unicast transmission to the mobile entity. This
alternative may be performed in response to determining that the target base station does
not support a handover functionality for the content delivery. The method 600 may
further include, at 950, the source base station handing the unicast transmission of MBMS
contents over to the target base station.

[00111] In general, with reference to FIG. 9, decision functionality associated with the
branching operation 915, like other operations depicted in these figures, may be
implemented by software, hardware, a combination thereof or any other suitable means
(e.g., device, system, process, or component). Thus, for example, branching decisions
may be made during execution by an entity performing other aspects of the described

method, may be predetermined by design prior to execution of other operations, or may
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be accomplished by some combination of the foregoing over the various branching
operations.

[00112] FIG. 10 shows further optional operations or aspects 1000 that may be
performed by the source base station in conjunction with the method 600 for managing
transfer of MBSFN service from a source base station to a target base station. The
operations shown in FIG. 10 are not required to perform the method 600. Operations 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. For example, if the method 600 includes at least one operation of
FIG. 10, then the method 600 may terminate after the at least one operation, without
necessarily having to include any subsequent downstream operation(s) that may be
illustrated. The method 600 may further include, at 1010, the source base station
providing MBMS content to the mobile entity by unicast transmission, further comprising
selecting the target base station comprising a base station that supports the MBSFN
service for the mobile entity. This operation 1010 and subsequent operations 1020 and
1030 may be performed in circumstances wherein the source base station does not
support the MBSFN service for the mobile entity. The method 600 may further include,
at 1020, the source base station handing the mobile entity to the target base station using a
unicast mobility procedure. Unicast mobility procedures are used for handing off unicast
services when a mobile entity moved from one cell to another, and any suitable mobility
procedure may be used. The method 600 may further include, at 1030, the source base
station stopping unicast transmission of the MBMS content from the target base station,
after a period sufficient to enable to mobile entity to acquire MCCH signals from the
target base station for decoding MBMS content on MBSFN subframes. The base station
may determine the period in any suitable manner, for example by closed-loop
computation or in response to signaling from the target base station.

[00113] With reference to FIG. 11, there is provided an exemplary apparatus 1100 that
may be configured as a network entity in a wireless network, or as a processor or similar
device for use within the network entity, for providing eMBMS. The network entity may
be an eNB, or other base station (e.g., Home Node B, etc.) of a wireless communications
network. The apparatus 1100 may include functional blocks that can represent functions
implemented by a processor, software, or combination thereof (e.g., firmware).

[00114] As illustrated, in one embodiment, the apparatus 1100 may include an

electrical component or module 1102 for identifying a plurality of candidate target base
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stations based on each having paging signal strength and system information signal
strength sufficient to support camping on by the mobile entity in idle mode. For example,
the electrical component 1102 may include at least one control processor coupled to a
transceiver or the like and to a memory with instructions for identifying one or more
candidates based on a paging signal strength. The electrical component 1102 may be, or
may include, a means for identifying a plurality of candidate target base stations based on
each having paging signal strength and system information signal strength sufficient to
support camping on by the mobile entity in idle mode. Said means may be or may
include the at least one control processor operating an algorithm. The algorithm may
include, for example, retrieving a neighbor list, receiving paging signal measurement
reports from a mobile entity, and filtering the neighbor list based on the measurement
reports to exclude neighbor stations having a measured signal strength below a threshold.

[00115] The apparatus 1100 may include an electrical component 1104 for prioritizing
the candidate target base stations in a priority order based in part on an MBMS status of
the mobile entity and on MBMS services support by respective ones of the candidate
target base stations. For example, the electrical component 1104 may include at least one
control processor coupled to a transceiver or the like and to a memory with instructions
for prioritizing the candidate based on the identified independent parameters. Said means
may be or may include the at least one control processor operating an algorithm. The
algorithm may include, for example, determining an MBMS status of the mobile entity
(e.g., channels subscribed to, services receiving, etc.); determining which MBMS services
are supported by each candidate using a services index; determining a measurement of
congruency (e.g., degree of overlap) between the MBMS mobile entity status and MBMS
services supported by each candidate in the list, and ranking the candidates according to
the measurement of congruency.

[00116] Optionally, the apparatus 1100 may include an electrical component 1106 for,
in response to determining that none of the candidate target base stations supports the
MBSFN service for the mobile entity, selecting a target base station that does not support
the MBSFN service for the mobile entity. For example, the electrical component 1106
may include at least one control processor coupled to a transceiver or the like and to a
memory with instructions for determining how many of the candidate target base stations
support the MBSFN service for the mobile entity, and selecting a target base station that
does not support the MBSFN service if such number is determined to be zero. Said

means may be or may include the at least one control processor operating an algorithm.
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The algorithm may include, for example, determining whether non-zero congruency
exists between the MBMS mobile entity status and MBMS services supported by each
candidate in the list, and if no congruency is found to exist, selecting one of the remaining
candidate stations.

[00117] The apparatus 1100 may include an electrical component 1108 for transmitting
an identifier for the target base station from the source base station, for use in transferring
the MBSFN service and unicast service to the target base station. For example, the
clectrical component 1108 may include at least one control processor coupled to a
transceiver or the like and to a memory holding instructions for transmitting the identifier
to a mobile entity that has requested a transfer. The electrical component 1108 may be, or
may include, a means for transmitting an identifier for the target base station from the
source base station, for use in transferring the MBSFN service and unicast service to the
target base station. Said means may be or may include the at least one control processor
operating an algorithm. The algorithm may include, for example, encoding the identifier
and providing the encoded identifier to a transmitter component. The apparatus 1100
may include similar electrical components for performing any or all of the additional
operations 700, 800, 900 or 1000 described in connection with FIGS. 8-10, which for
illustrative simplicity are not shown in FIG. 11.

[00118] In related aspects, the apparatus 1100 may optionally include a processor
component 1110 having at least one processor, in the case of the apparatus 1100
configured as a mobile entity. The processor 1110, in such case, may be in operative
communication with the components 1102-1108 or similar components via a bus 1112 or
similar communication coupling. The processor 1110 may effect initiation and
scheduling of the processes or functions performed by electrical components 1102-1108.

[00119] In further related aspects, the apparatus 1100 may include a radio transceiver
component 1114. A stand alone receiver and/or stand alone transmitter may be used in
lieu of or in conjunction with the transceiver 1114. The apparatus 1100 may optionally
include a component for storing information, such as, for example, a memory
device/component 1116. The computer readable medium or the memory component
1116 may be operatively coupled to the other components of the apparatus 1100 via the
bus 1112 or the like. The memory component 1116 may be adapted to store computer
readable instructions and data for performing the activity of the components 1102-1108,
and subcomponents thereof, or the processor 1110, the additional aspects 700, 800, 900 or

1000, or the methods disclosed herein. The memory component 1116 may retain
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instructions for executing functions associated with the components 1102-1108. While
shown as being external to the memory 1116, it is to be understood that the components
1102-1108 can exist within the memory 1116.

[00120] FIG. 12 shows a method 1200 for handling transfer of MBSFN service and
unicast service at a mobile entity from a source base station to a target base station of a
cellular wireless communications system. The mobile entity may comprise a UE of any
of the various forms described herein. The method 1200 may include the mobile entity,
at 1210, receiving a signal from the source base station designating a target base station.
The method 1200 may further include, at 1220, the mobile entity completing a handover
to the target base station. The method 1200 may further include, at 1230, the mobile
entity receiving MBMS content from the target base station in a unicast transmission for
an initial period. After the initial period is finished, the mobile entity may receive the
MBMS content in an MBMS multicast from the target station. The operation 1230 may
be performed in circumstances where the target base station is capable of transmitting the
MBMS content by multicast.

[00121] FIG. 13 shows further optional operations or aspects 1300 that may be
performed by the mobile entity in conjunction with the method 1200 for handling transfer
of MBSFN service from a source base station to a target base station. The operations
shown in FIG. 13 are not required to perform the method 1200. Operations 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. For example, if the method 1200 includes at least one operation
of FIG. 13, 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. The method 1200 may further include, at 1310, the mobile entity receiving
MBMS content in multicast transmissions from the source base station, prior to
completing the handover. In the alternative, or in addition, the method 1200 may further
include, at 1320, the mobile entity receiving MBMS content in unicast transmissions from
the source base station, prior to completing the handover. Operation 1320 may be
performed as an exclusive alternative to operation 1310 in circumstances wherein the
source base station is not capable of providing MBMS content by multicast. Operation
1320 may be performed as an additional operation to operation 1310 in circumstances
wherein the source base station is capable of providing MBMS content by multicast, but

the target base station is not capable of providing MBMS content by multicast. Neither
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operation 1310 nor 1320 should be performed in circumstances wherein both the source
and target base stations are capable of providing MBMS content by multicast to the
mobile entity. After performing one or both of operations 1310 or 1320, the mobile entity
may proceed to perform the method 1200.

[00122] After completing the elements of method 1200 shown in FIG. 12, the mobile
entity may perform one or more of the additional operations shown downstream of the
process operation 1200. The method 1200 may further include, at 1330, the mobile entity
continuing to receive the MBMS content from the target base station in unicast
transmissions. Performance of the operation 1330 may be appropriate in circumstances
wherein the target base station does not support the MBSFN service for the mobile entity.
In the alternative to the operation 1330, the method 1200 may further include, at 1340, the
mobile entity acquiring MCCH signals from the target base station for decoding MBMS
content on MBSFN subframes. Performance of the operation 1340 may be appropriate in
circumstances wherein the target base station supports the MBSFN service for the mobile
entity. In addition to the operation 1340, the method 1200 may further include, at 1350,
the mobile entity receiving MBMS content from the target base station in multicast
transmissions, and decoding the MBMS content using information from the acquired
MCCH signals.

[00123] With reference to FIG. 14, there is provided an exemplary apparatus 1400 that
may be configured as a mobile entity or UE in a wireless network, or as a processor or
similar device for use within the mobile entity or UE, for handling transfer of MBSFN
service from a source base station to a target base station. The apparatus 1400 may
include functional blocks that can represent functions implemented by a processor,
software, or combination thereof (e.g., firmware).

[00124] As illustrated, in one embodiment, the apparatus 1400 may include an
electrical component or module 1402 for receiving a signal from the source base station
designating a target base station. For example, the electrical component 1402 may
include at least one control processor coupled to a transceiver or the like and to a memory
with instructions for receiving and processing a transmission from a base station. The
electrical component 1402 may be, or may include, a means for receiving a signal from
the source base station designating a target base station. Said means may be or may
include the at least one control processor operating an algorithm. The algorithm may
include, for example, receiving a wircless signal using one or more protocols as

referenced herein, decoding the wireless signal to obtain decoded data, recognizing an
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identifier for a neighbor cell in the decoded data, and storing the identifier in a memory
component.

[00125] The apparatus 1400 may further include an electrical component 1404 for
completing a handover to the target base station. For example, the electrical component
1404 may include at least one control processor coupled to a transceiver or the like and to
a memory holding instructions for completing a handover in communication with the
source and target base stations. The electrical component 1404 may be, or may include, a
means for completing a handover in communication with the source and target base
stations. Said means may be or may include the at least one control processor operating
an algorithm. The algorithm may include, for example, sending and receiving signals for
completing a handover using one or more protocols as referenced herein.

[00126] The apparatus 1400 may further include an electrical component 1406 for
receiving MBMS content from the target base station in a unicast transmission for an
initial period. For example, the electrical component 1406 may include at least one
control processor coupled to a transceiver or the like and to a memory holding
instructions for receiving MBMS content from the target base station in a unicast
transmission for an initial period. The electrical component 1406 may be, or may
include, a means for receiving MBMS content from the target base station in a unicast
transmission for an initial period. Said means may be or may include the at least one
control processor operating an algorithm. The algorithm may include, for example,
receiving a unicast transmission from the target base station, decoding the unicast
transmission to obtain decoded data, recognizing the MBMS content in the decoded data,
and outputting the MBMS data to an output device and/or storing it in a memory
component. The apparatus 1400 may include similar electrical components for
performing any or all of the additional operations 1300 described in connection with FIG.
13, which for illustrative simplicity are not shown in FIG. 14.

[00127] In related aspects, the apparatus 1400 may optionally include a processor
component 1410 having at least one processor, in the case of the apparatus 1400
configured as a mobile entity. The processor 1410, in such case, may be in operative
communication with the components 1402-1406 or similar components via a bus 1412 or
similar communication coupling. The processor 1410 may effect initiation and
scheduling of the processes or functions performed by electrical components 1402-1406.

[00128] In further related aspects, the apparatus 1400 may include a radio transceiver

component 1414. A stand alone receiver and/or stand alone transmitter may be used in
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lieu of or in conjunction with the transceiver 1414. The apparatus 1400 may optionally
include a component for storing information, such as, for example, a memory
device/component 1416. The computer readable medium or the memory component
1416 may be operatively coupled to the other components of the apparatus 1400 via the
bus 1412 or the like. The memory component 1416 may be adapted to store computer
readable instructions and data for performing the activity of the components 1402-1406,
and subcomponents thereof, or the processor 1410, the additional aspects 700, 800, 900 or
1000, or the methods disclosed herein. The memory component 1416 may retain
instructions for executing functions associated with the components 1402-1406. While
shown as being external to the memory 1416, it is to be understood that the components
1402-1406 can exist within the memory 1416.

[00129] FIG. 15 shows a method 1500 for handling transfer of MBSFN service and
unicast service for a mobile entity from a source base station at a target base station of a
cellular wireless communications system. The source base station may comprise a base
station of any of the various forms described herein, for example, an eNB. The method
1500 may include the target base station, at 1510, completing a handover procedure
initiated by the mobile entity at the target base station. The method 1500 may further
include the target base station, at 1520, transmitting MBMS content from the target base
station in a unicast transmission to the mobile entity for an initial period.

[00130] FIG. 16 shows further optional operations or aspects 1600 that may be
performed by the source base station in conjunction with the method 1500 for handling
transfer of MBSFN service from a source base station to a target base station. The
operations shown in FIG. 16 are not required to perform the method 1500. Operations 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. For example, if the method 1500 includes at least one operation
of FIG. 16, then the method 1500 may terminate after the at least one operation, without
necessarily having to include any subsequent downstream operation(s) that may be
illustrated. The method 1500 may further include, at 1610, the target base station
receiving buffered MBMS content from the source base station for the unicast
transmission to the mobile entity. After performing the operation 1610, the target base
station may proceed to perform the method 1500.

[00131] After completing the elements of method 1500 shown in FIG. 15, the target

base station may perform one or more of the additional operations shown downstream of
32716-00057



WO 2012/125976 PCT/US2012/029540
36

the process operation 1500. The method 1500 may further include, at 1620, the target
base station acquiring the MBMS content from a network node other than the source base
station for continuing the MBSFN service in unicast transmissions after the initial period.
Performance of the operation 1620 may be appropriate in circumstances wherein the
target base station does not support the MBSFN service for the mobile entity. In the
alternative to the operation 1620, the method 1500 may further include, at 1630, the target
base station multicasting MCCH signals from the target base station for decoding MBMS
content on MBSFN subframes. Performance of the operation 1630 may be appropriate in
circumstances wherein the target base station supports the MBSFN service for the mobile
entity. In addition to the operation 1630, the method 1500 may further include, at 1640,
the target base station stopping unicast transmission of the MBMS content from the target
base station, in response to determining that the initial period enabling the mobile entity
to acquire the MCCH signals has elapsed. For example, the target base station may use a
timer, or other timing mechanism, to determine that sufficient time has passed for one or
more transmissions of the MCCH signals from the target base station to have occurred.
In the alternative, or in addition, the target base station may determine the period has
elapsed in response to determining that one or more transmissions of the MCCH signals
from the target base station has in fact occurred. In addition to the operations 1630 and
1640, the method 1500 may further include, at 1650, the target base station transmitting
the MBMS content to the mobile entity using multicast transmission, after the initial
period.

[00132] With reference to FIG. 17, there is provided an exemplary apparatus 1700 that
may be configured as a network entity in a wireless network, or as a processor or similar
device for use within the network entity, for handling a handover of MBMS services from
a source base station. The network entity may be an eNB, or other base station (e.g.,
Home Node B, etc.) of a wireless communications network. The apparatus 1700 may
include functional blocks that can represent functions implemented by a processor,
software, or combination thereof (e.g., firmware).

[00133] As illustrated, in one embodiment, the apparatus 1700 may include an
electrical component or module 1702 for completing a handover procedure initiated by
the mobile entity at the target base station. For example, the electrical component 1702
may include at least one control processor coupled to a transceiver or the like and to a
memory with instructions for handling a handover in communication with a mobile entity

and source base station. The electrical component 1702 may be, or may include, a means
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for completing a handover procedure initiated by the mobile entity at the target base
station. Said means may be or may include the at least one control processor operating an
algorithm. The algorithm may include, for example, sending and receiving signals
to/from the mobile entity according to a handover protocol, thereby establishing a
connection to the mobile entity for unicast transmissions or the like.

[00134] The apparatus 1700 may include an electrical component 1704 for transmitting
MBMS content from the target base station in a unicast transmission to the mobile entity
for an initial period. For example, the electrical component 1704 may include at least one
control processor coupled to a transceiver or the like and to a memory holding
instructions for transmitting the MBMS content to a mobile entity that has requested a
transfer. The electrical component 1704 may be, or may include, a means for
transmitting MBMS content from the target base station in a unicast transmission to the
mobile entity for an initial period. Said means may be or may include the at least one
control processor operating an algorithm. The algorithm may include, for example,
receiving MBMS content from a network entity, encoding the MBMS content in a signal
for unicast transmission, and transmitting the unicast transmission to the mobile entity.
The apparatus 1700 may include similar electrical components for performing any or all
of the additional operations 1600 described in connection with FIG. 16, which for
illustrative simplicity are not shown in FIG. 17.

[00135] In related aspects, the apparatus 1700 may optionally include a processor
component 1710 having at least one processor, in the case of the apparatus 1700
configured as a network entity. The processor 1710, in such case, may be in operative
communication with the components 1702-1704 or similar components via a bus 1712 or
similar communication coupling. The processor 1710 may effect initiation and
scheduling of the processes or functions performed by electrical components 1702-1704.

[00136] In further related aspects, the apparatus 1700 may include a radio transceiver
component 1714. A stand alone receiver and/or stand alone transmitter may be used in
lieu of or in conjunction with the transceiver 1714. The apparatus 1700 may optionally
include a component for storing information, such as, for example, a memory
device/component 1716. The computer readable medium or the memory component
1716 may be operatively coupled to the other components of the apparatus 1700 via the
bus 1712 or the like. The memory component 1716 may be adapted to store computer
readable instructions and data for performing the activity of the components 1702-1704,

and subcomponents thereof, or the processor 1710, the additional aspects 700, 800, 900 or
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1000, or the methods disclosed herein. The memory component 1716 may retain
instructions for executing functions associated with the components 1702-1704. While
shown as being external to the memory 1716, it is to be understood that the components
1702-1704 can exist within the memory 1716.

[00137] FIG. 18 shows a method 1800 for obtaining an MBMS status of a mobile
entity in a cellular wireless communications system, using a base station. The base
station may comprise a base station of any of the various forms described herein, for
example, an eNB. The method 1800 may include, at 1810, receiving, at a base station of
the wireless communication system, a message from the mobile entity including
information for providing to a an administrative network node for use in MBMS service
accounting. An administrative network node may include, for example, an MCE or BM-
SC. The message including the MBMS administrative information may be in any suitable
form. The method 1800 may further include, at 1820, the base station obtaining an
MBMS status of the mobile entity from the message for use by the base station.

[00138] FIG. 19 shows further optional operations or aspects 1900 that may be
performed by the source base station in conjunction with the method 1800 for obtaining
an MBMS status. More specifically, each of the additional operations 1900 represent a
more particularized method, or a component of a more particularized method, for
performing the receiving operation 1810 described in connection with FIG. 18; and
consequently, determining a type of the message or messages from which the base station
obtains the MBMS status at the operation 1820. The operations shown in FIG. 19 are not
required to perform the method 1800. Operations 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. For example, if the
method 1800 includes at least one operation of FIG. 19, then the method 1800 may
terminate after the at least one operation, without necessarily having to include any
subsequent downstream operation(s) that may be illustrated.

[00139] The method 1800 may further include, at 1910, the base station receiving a
counting response message reporting at least one of an MBMS service the mobile entity is
receiving or is requesting. The method 1800 may further include, at 1920, the base
station receiving a registration message identifying an MBMS service the mobile entity is
registering for. The method 1800 may further include, at 1930, the base station receiving
a de-registration message identifying an MBMS service the mobile entity is de-

registering. The method 1800 may further include, at 1940, the base station receiving an
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activation message identifying an MBMS service the mobile entity is activating. The
method 1800 may further include, at 1950, the base station receiving a de-activation
message identifying an MBMS service the mobile entity is de-activating.

[00140] FIG. 20 shows further optional operations or aspects 2000 that may be
performed by the source base station in conjunction with the method 1800 for obtaining
an MBMS status. The operations shown in FIG. 20 are not required to perform the
method 1800. Operations 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. For example, if the method 1800
includes at least one operation of FIG. 20, then the method 1800 may terminate after the
at least one operation, without necessarily having to include any subsequent downstream
operation(s) that may be illustrated.

[00141] The method 1800 may further include, at 2010, reading the message at the
base station to obtain the MBMS status. The method 1800 may further include, at 2020,
the base station managing service continuity for the MBMS service to the mobile entity at
the base station, using the MBMS status. For example, the base station may use a
prioritization procedure as described herein responsive to the MBMS status of the mobile
entity requesting a handover.

[00142] With reference to FIG. 21, there is provided an exemplary apparatus 2100 that
may be configured as a network entity in a wireless network, or as a processor or similar
device for use within the network entity, for obtaining an MBMS status of a mobile
entity. The network entity may be an eNB, or other base station (e.g., Home Node B,
etc.) of a wireless communications network. The apparatus 2100 may include functional
blocks that can represent functions implemented by a processor, software, or combination
thereof (e.g., firmware).

[00143] As illustrated, in one embodiment, the apparatus 2100 may include an
electrical component or module 2102 for receiving, at a base station of the wireless
communication system, a message from the mobile entity configured for providing to an
MCE for use in MBMS service accounting. For example, the electrical component 2102
may include at least one control processor coupled to a transceiver or the like and to a
memory with instructions for handling an accounting message in communication with a
mobile entity and an MCE. The electrical component 2102 may be, or may include, a
means for receiving, at a base station of the wireless communication system, a message

from the mobile entity configured for providing to an MCE for use in MBMS service
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accounting. Said means may be or may include the at least one control processor
operating an algorithm. The algorithm may include, for example, receiving a message
from a mobile entity, determining whether the message is an accounting message destined
for an MCE, in response to determining that the message is an accounting message,
holding the message or a portion of the message in a memory component, and relaying
the message to the MCE.

[00144] The apparatus 2100 may include an electrical component 2104 for obtaining
an MBMS status of the mobile entity from the message for use by the base station. For
example, the electrical component 2104 may include at least one control processor
coupled to a transceiver or the like and to a memory holding instructions for processing
the message to obtain the MBMS information before passing it on to the MCE. The
electrical component 2104 may be, or may include, a means for obtaining an MBMS
status of the mobile entity from the message for use by the base station. Said means may
be or may include the at least one control processor operating an algorithm. The
algorithm may include, for example, reading the message or portion of the message from
a memory component (e.g., temporary memory), recognizing one or more items of
MBMS status information for the mobile entity, using a protocol defined for the
accounting message, and holding the one or more items of MBMS status information in a
memory component. The apparatus 2100 may include similar electrical components for
performing any or all of the additional operations 1900 or 2000 described in connection
with FIGS. 19-20, which for illustrative simplicity are not shown in FIG. 21.

[00145] In related aspects, the apparatus 2100 may optionally include a processor
component 2110 having at least one processor, in the case of the apparatus 2100
configured as a network entity. The processor 2110, in such case, may be in operative
communication with the components 2102-2104 or similar components via a bus 2112 or
similar communication coupling. The processor 2110 may effect initiation and
scheduling of the processes or functions performed by electrical components 2102-2104.

[00146] In further related aspects, the apparatus 2100 may include a radio transceiver
component 2114. A stand alone receiver and/or stand alone transmitter may be used in
lieu of or in conjunction with the transceiver 2114. The apparatus 2100 may optionally
include a component for storing information, such as, for example, a memory
device/component 2116. The computer readable medium or the memory component
2116 may be operatively coupled to the other components of the apparatus 2100 via the

bus 2112 or the like. The memory component 2116 may be adapted to store computer
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readable instructions and data for performing the activity of the components 2102-2104,
and subcomponents thereof, or the processor 2110, the additional aspects 700, 800, 900 or
1000, or the methods disclosed herein. The memory component 2116 may retain
instructions for executing functions associated with the components 2102-2104. While
shown as being external to the memory 2116, it is to be understood that the components
2102-2104 can exist within the memory 2116.

[00147] FIG. 22 shows a method 2200 for operating a reserved base station in an
MBMS area of a wireless communications network. The source base station may
comprise a base station of any of the various forms described herein, for example, an
eNB. The method 2200 may include the reserved base station, at 2210, broadcasting
SIB13 signals for MCCH acquisition, for use by one or more mobile entities to decode
MBMS signals from non-reserved base stations within radio range. In addition, the
method 2200 may further include, at 2220, the reserved base station sending PDCCH
signals for MCCH change notification.

[00148] With reference to FIG. 23, there is provided an exemplary apparatus 2300 that
may be configured as a network entity in a wireless network, or as a processor or similar
device for use within the network entity, for operating a reserved base station of an
MBMS area. The network entity may be an eNB, or other base station (e.g., Home Node
B, etc.) of a wireless communications network. The apparatus 2300 may include
functional blocks that can represent functions implemented by a processor, software, or
combination thereof (e.g., firmware).

[00149] As illustrated, in one embodiment, the apparatus 2300 may include an
electrical component or module 2302 for broadcasting, from a reserved base station of an
MBMS area, SIB13 signals for MCCH acquisition, for use by one or more mobile entities
to decode MBMS signals from non-reserved base stations within radio range. For
example, the electrical component 2302 may include at least one control processor
coupled to a transceiver or the like and to a memory with instructions for broadcasting the
MCCH signals in SIB13. The electrical component 2302 may be, or may include, a
means for broadcasting, from a reserved base station of an MBMS area, SIB13 signals for
MCCH acquisition, for use by one or more mobile entities to decode MBMS signals from
non-reserved base stations within radio range. Said means may be or may include the at
least one control processor operating an algorithm. The algorithm may include, for

example, generating information for decoding MBMS signals from non-reserved base
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stations within radio range in a SIB 13 of a radio frame, and broadcasting the radio frame
from a transmitter component of a reserved base station.

[00150] The apparatus 2300 may include an electrical component 2304 for sending
PDCCH signals for MCCH change notification. For example, the electrical component
2304 may include at least one control processor coupled to a transceiver or the like and to
a memory holding instructions for sending the PDCCH signals at an appropriate time.
The electrical component 2304 may be, or may include, a means for sending PDCCH
signals for MCCH change notification. Said means may be or may include the at least
one control processor operating an algorithm. The algorithm may include, for example,
determining periodic sending times using a timer component, generating a PDCCH signal
encoding an MCCH change notification in response to the time component, and
broadcasting the PDCCH signal using a transmitter component.

[00151] In related aspects, the apparatus 2300 may optionally include a processor
component 2310 having at least one processor, in the case of the apparatus 2300
configured as a network entity. The processor 2310, in such case, may be in operative
communication with the components 2302-2304 or similar components via a bus 2312 or
similar communication coupling. The processor 2310 may effect initiation and
scheduling of the processes or functions performed by electrical components 2302-2304.

[00152] In further related aspects, the apparatus 2300 may include a radio transceiver
component 2314. A stand alone receiver and/or stand alone transmitter may be used in
lieu of or in conjunction with the transceiver 2314. The apparatus 2300 may optionally
include a component for storing information, such as, for example, a memory
device/component 2316. The computer readable medium or the memory component
2316 may be operatively coupled to the other components of the apparatus 2300 via the
bus 2312 or the like. The memory component 2316 may be adapted to store computer
readable instructions and data for performing the activity of the components 2302-2304,
and subcomponents thereof, or the processor 2310, or the methods disclosed herein. The
memory component 2316 may retain instructions for executing functions associated with
the components 2302-2304. While shown as being external to the memory 2316, it is to
be understood that the components 2302-2304 can exist within the memory 2316.

[00153] FIG. 24 shows a method 2400 for obtaining, at a mobile entity, MBMS
support information for a base station in a cellular wireless communications system. The
mobile entity station may comprise a mobile entity of any of the various forms described

herein, for example, a UE. The method 2400 may include, at 2410, the mobile entity
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receiving, at a mobile entity of the wireless communication system, a message from a
serving base station. The method 2400 may further include, at 2420, the mobile entity
obtaining MBMS support information for neighbor base stations from the message.

[00154] FIG. 25 shows further optional operations or aspects 2500 that may be
performed by the mobile entity in conjunction with the method 2400 for obtaining
MBMS support information for neighbor base stations. The operations shown in FIG. 25
are not required to perform the method 2400. Operations 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. For
example, if the method 2400 includes at least one operation of FIG. 25, then the method
2400 may terminate after the at least one operation, without necessarily having to include
any subsequent downstream operation(s) that may be illustrated. The method 2400 may
further include, at 2510, the mobile entity selecting a preferred base station for MBMS
service, using the MBMS support information for neighbor base stations. The method
2400 may further include, at 2520, the mobile entity transmitting an identifier for the
preferred base station to a serving base station for use in supporting service continuity.

[00155] FIG. 26 shows further optional operations or aspects 2600 that may be
performed by the mobile entity in conjunction with the method 2400 for obtaining
MBMS support information for neighbor base stations. The operations shown in FIG. 26
are not required to perform the method 2400. Operations 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. For
example, if the method 2400 includes at least one operation of FIG. 26, then the method
2400 may terminate after the at least one operation, without necessarily having to include
any subsequent downstream operation(s) that may be illustrated. The method 2400 may
further include, at 2610, the mobile entity receiving the message on a BCCH. The
method 2400 may further include, at 2620, the mobile entity determining, for the
neighbor base stations, at least one of an MBMS service support indicator, MBSFN
synchronization arca identifier, MBSFN service identifier, and a MBSFN area identifier
from the BCCH message.

[00156] With reference to FIG. 27, there is provided an exemplary apparatus 2700 that
may be configured as a mobile entity or UE in a wireless network, or as a processor or
similar device for use within the mobile entity or UE, for obtaining MBMS support

information for neighbor base stations. The apparatus 2700 may include functional
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blocks that can represent functions implemented by a processor, software, or combination
thereof (e.g., firmware).

[00157] As illustrated, in one embodiment, the apparatus 2700 may include an
clectrical component or module 2702 for receiving, at a mobile entity of the wireless
communication system, a message from a serving base station. For example, the
electrical component 2702 may include at least one control processor coupled to a
transceiver or the like and to a memory with instructions for receiving and processing a
transmission from a base station. The electrical component 2702 may be, or may include,
a means for receiving, at a mobile entity of the wireless communication system, a
message from a serving base station. Said means may be or may include the at least one
control processor operating an algorithm. The algorithm may include, for example,
receiving a wireless signal using one or more protocols as referenced herein, and
decoding the wireless signal to obtain decoded data.

[00158] The apparatus 2700 may further include an electrical component 2704 for
obtaining MBMS support information for neighbor base stations from the message. For
example, the electrical component 2704 may include at least one control processor
coupled to a memory holding instructions for processing the message to obtain the
neighbor MBMS information. The electrical component 2704 may be, or may include, a
means for obtaining MBMS support information for neighbor base stations from the
message. Said means may be or may include the at least one control processor operating
an algorithm. The algorithm may include, for example, processing the decoded data,
recognizing MBMS support information for neighbor base stations in the decoded data,
and storing the MBMS support information for neighbor base stations in a memory
component. The apparatus 2700 may include similar electrical components for
performing any or all of the additional operations 2500 or 2600 described in connection
with FIGS. 25-26, which for illustrative simplicity are not shown in FIG. 27.

[00159] In related aspects, the apparatus 2700 may optionally include a processor
component 2710 having at least one processor, in the case of the apparatus 2700
configured as a mobile entity. The processor 2710, in such case, may be in operative
communication with the components 2702-2704 or similar components via a bus 2712 or
similar communication coupling. The processor 2710 may effect initiation and
scheduling of the processes or functions performed by electrical components 2702-2704.

[00160] In further related aspects, the apparatus 2700 may include a radio transceiver

component 2714. A stand alone receiver and/or stand alone transmitter may be used in
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lieu of or in conjunction with the transceiver 2714. The apparatus 2700 may optionally
include a component for storing information, such as, for example, a memory
device/component 2716. The computer readable medium or the memory component
2716 may be operatively coupled to the other components of the apparatus 2700 via the
bus 2712 or the like. The memory component 2716 may be adapted to store computer
readable instructions and data for performing the activity of the components 2702-2704,
and subcomponents thereof, or the processor 2710, the additional aspects 2500 or 2600,
or the methods disclosed herein. The memory component 2716 may retain instructions
for executing functions associated with the components 2702-2704. While shown as
being external to the memory 2716, it is to be understood that the components 2702-2704
can exist within the memory 2716.

EMBMS SERVICE DISCOVERY IN MULTI-FREQUENCY, CARRIER

AGGREGATION AND SINGLE FREQUENCY DEPLOYMENT

[00161] In other aspects, eMBMS service continuity and target cell selection may be

enhanced by new methods of providing eMBMS service discovery for mobile entities.
Current approaches may not provide any or sufficiently detailed service discovery
information for efficient session initiation and continuity. Prior to describing the service
discovery methods in detail, related concepts pertaining to eMBMS service areas and
eMBMS system components and functions are reviewed below.

eMBMS SERVICE AREAS

[00162] FIG. 28 illustrates a system 2800 including an MBMS service arca 2802

encompassing multiple MBSFN areas 2804, 2806, 2808, which each may include
multiple cells or base stations 2810. As used herein, an “MBMS service area” refers to an
area where a certain MBMS service is available at a particular time. For example, a
particular sports or other program may be broadcast by base stations within the MBMS
service area at a particular time. The area where the particular program is broadcast
defines the MBMS service area. An MBMS service area may be included in, or may be
co-extensive with, a “Broadcast Service Area.” A Broadcast Service Area may be
defined individually for ecach MBMS service and may include all of, or less than all of,
the Public Land Mobile Network (PLMN) in which a service is offered. The MBMS
service arca may be made up of one or more “MBSFN areas” as shown at 2804, 2806 and
2808. As used herein, an MBSFN area refers to a group of cells (e.g., cells 2810)

currently broadcasting a particular program in a synchronized fashion using an MBSFN
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protocol. An MBMS service area may be assigned a Service Area Identifier by a network
entity.

[00163] As noted herein above “MBSFN synchronization area” refers to a group of
cells that are interconnected and configured such that they are capable of operating in a
synchronized fashion to broadcast a particular program using an MBSFN protocol,
regardless of whether or not they are currently doing so. Each eNB can belong to only
one MBSFN synchronization area, on a given frequency layer. It is worth noting that an
MBMS service area 2802 may include one or more MBSFN synchronization areas (not
shown). Conversely, an MBSFN synchronization area or Broadcast Service Area may
include one or more MBSFN areas or MBMS service areas. Generally, an MBSFN area
is made up of all, or a portion of, a single MBSFN synchronization area and is located
within a single MBMS service area.

[00164] Overlap between various MBSFN areas is supported, and a single eNB may
belong to several different MBSFN areas within a single synchronization area. For
example, up to 8 independent MCCHs may be configured in System Information Block
(SIB) 13 to support membership in different MBSFN areas. An MBSFN Area Reserved
Cell or Base Station is a cell/base station within a MBSFN Area that does not contribute
to the MBSFN transmission, for example a cell near a MBSFN Synchronization Area
boundary, or a cell that that is not needed for MBSFN transmission because of its
location.

[00165] MBMS service area Attribute Value Pairs (AVP) may be of an octet string
(OctetString) type, and indicate an area over which an MBMS bearer service is to be
distributed. An AVP may include or consist of the following parts: a first part being a
binary octet value in the range of 1 to 256 (e.g. 0 to 255 interpreted as 1 to 256), and a
second part being 2-(2N+1) octets making up a consecutive list of “N”” number of MBMS
service area identifiers. Each MBMS service area identifier in the AVP list may consist
of a 2-octet code that uniquely identifies an MBMS service area, corresponding to an
MBMS Service Area Identity. The identifier may be assigned by a network entity such as
a Broadcast-Multicast Service Center (BM-SC) and mapped to one or more cells by a
Radio Network Controller (RNC) or MME. The MBMS Service Arca Identity and its
semantics are currently defined in 3GPP TS 23.003. Each MBMS service arca identifier
should be provided only once in the AVP list.

[00166] The MBMS Service Area (MBMS SA) may be as currently defined in 3GPP

TS 23.246. The MBMS SA may include one or more MBMS Service Area Identities
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(MBMS SAls), and be limited to no more than 256 MBMS SAls. An MBMS SAI may be
used to identify a group of cells within a PLMN, that is independent of an associated
location, routing or service area and of the physical location of the cell(s). A cell may
belong to one or more MBMS SAs, and therefore may be addressable by one or more
MBMS SAls. The MBMS SAI may be an integer between 0 and 65,535 (inclusive). The
value 0 may have special meaning; it may denote an entire PLMN as the MBMS Service
Area and indicate to a receiving RNC/BSS that all cells reachable by that RNC/BSS are
part of the MBMS Service Area. With the exception of the specific MBMS Service Area
Identity value 0, the MBMS Service Area Identity should be unique within a PLMN and
should be defined in such a way that all cells in the corresponding MBMS Service Ares
are MBMS capable.
eMBMS SYSTEM COMPONENTS AND FUNCTIONS

[00167] FIG. 29 illustrates functional entitics of a wireless communication system
2900 for providing or supporting MBSFN service. Regarding Quality of Service (QoS),
the system 2900 may use a Guaranteed Bit Rate (GBR) type MBMS bearer, wherein the
Maximum Bit Rate (MBR) equals the GBR. These components are shown and described
by way of example, and do not limit the inventive concepts described herein, which may
be adapted to other architectures and functional distributions for delivering and
controlling broadcast transmissions.

[00168] The system 2900 may include an MBMS Gate Way (MBMS GW) 2916. The
MBMS GW 2916 controls Internet Protocol (IP) broadcast distribution of MBMS user
plane data to eNodeBs 2904a, 2904b via an M1 interface; two eNBs 2904a,b of many
possible eNBs are shown. In addition, the MBMS GW may control IP broadcast
distribution of MBMS user plane data to UTRAN Radio Network Controllers (RNCs)
(not shown) via an M1 interface. The M1 interface is associated to MBMS data (user
plane) and makes use of IP for delivery of data packets. The eNB 2904a may provide
MBMS content to a UE/mobile device 2902 via the one or more adjacent cells 2918a,
2918b using an E-UTRAN Uu interface.

[00169] The MBMS GW 2916 may further perform MBMS Session Control Signaling,
for example MBMS session start and session stop, via the Mobility Management Entity
(MME) 2908 and Sm interface. The MBMS GW 2916 may further provide an interface
for entitics using MBMS bearers through the SGi-mb (user plane) reference point, and

provide an interface for entities using MBMS bearers through the SG-mb (control plane)
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reference point. The SG-mb Interface carries MBMS bearer service specific signaling.
The SGi-mb interface is a user plane interface for MBMS data delivery. MBMS data
delivery may be performed by IP unicast transmission, which may be a default mode, or
by IP multicasting.

[00170] The system 2900 may further include a Multicast Coordinating Entity (MCE)
2906. The MCE 2906 may perform an admission control function for MBMS content,
and allocate time and frequency radio resources used by all eNBs in the MBSFN area for
multi-cell MBMS transmissions using MBSFN operation. The MCE 2906 may determine
a radio configuration for an MBSFN Area, such as, for example, the modulation and
coding scheme. The MCE 2906 may schedule and control user plane transmission of
MBMS content, and manage eMBMS service multiplexing, by determining which
services are to be multiplexed in which Multicast Channel (MCH). The MCE 2906 may
participate in MBMS Session Control Signaling with the MME 2908 through an M3
interface, and may provide a control plane interface M2 with the eNBs 2904a, 2904b.

[00171] The system 2900 may further include a BM-SC 2912 in communication with a
content provider server 2914. The BM-SC 2912 may handle intake of broadcast content
from one or more sources such as the content provider 2914, and provide other higher-
level management functions as described below. These functions may include, for
example, a membership function, including authorization and initiation of MBMS
services for an identified UE. The BM-SC 2912 may further perform MBMS session and
transmission functions, scheduling of live broadcasts, and delivery, including MBMS and
associated delivery functions. The BM-SC 2912 may further provide service
advertisement and description, such as advertising content available for broadcast. A
separate Packet Data Protocol (PDP) context may be used to carry control messages
between UE and BM-SC. The BM-SC may further provide security functions such as
key management, manage charging of content providers according to parameters such as
data volume and QoS, provide content synchronization for MBMS in UTRAN and in E-
UTRAN for broadcast mode, and provide header compression for MBSFN data in
UTRAN. The BM-SC 2912 may indicate session start, update and stop to the MBMS-
GW 2916 including session attributes such as QoS and MBMS service area.

[00172] The system 2900 may further include a Multicast Management Entity (MME)
2908 in communication with the MCE 2906 and MBMS-GW 2916. The MME 2908 may
provide a control plane function for MBMS over E-UTRAN. In addition, the MME may

provide the eNBs 2904a, 2904b with broadcast related information defined by the
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MBMS-GW 2916. An Sm interface between the MME 2908 and the MBMS-GW 2916
may be used to carry MBMS control signaling, for example, session start and stop
signals.

[00173] The system 2900 may further include a Packet Data Network (PDN) Gate
Way (GW) 2910, sometimes abbreviated as a P-GW. The P-GW 2910 may provide an
Evolved Packet System (EPS) bearer between the UE 2902 and BM-SC 2912 for
signaling and/or user data. As such, the P-GW may receive Uniform Resource Locator
(URL) based requests originating from UEs in association with IP addresses assigned to
the UEs. The BM-SC 2912 may also be linked to one or more content providers via the
P-GW 2910, which may communicate with the BM-SC 2912 via an IP interface. In
addition, the system may include new interfaces enabling direct communications between
certain system components, to facilitate aspects of the methods and apparatus disclosed
herein. However, in general new interfaces should not be required.

MULTI-FREQUENCY, CARRIER AGGREGATION, OR SINGLE
FREQUENCY DEPLOYMENT
[00174] In multi-frequency, carrier aggregation or single frequency deployments, a

wireless communications network may deploy many MBMS services using a single
frequency, using multiple frequencies, or multiple carrier components. Multiple
frequencies may be used for implementing carrier aggregation, but are not limited to such
use. For example, a base station may use different frequencies to transmit different
services. Services deployed on different frequencies or carrier components may differ
from one another. In single frequency deployment, services deployed on different
neighbor cells may differ from one another. As used herein, an “adjacent cell” means
any one of, or any combination of: a frequency, a carrier component, a neighbor cell, or a
neighbor base station. In addition, “eMBMS discovery” refers to a process by which a
UE identifies one or more adjacent cells carrying a particular eMBMS service of interest.
[00175] An MBMS-capable UE may acquire a list of all MBMS services deployed by
network, via a service announcement. In contrast, MBMS service discovery currently
requires the UE monitor its current cell to discover the beginning of a service, as signaled
by an MCCH change notification sent over PDCCH, and MAC control element MBMS
Scheduling Information (MSI). On-going service information is currently provided in
MCCH and MSI. However, each UE may be limited to monitoring its current camped

cell if it is in Idle mode or current serving cell (or primary cell) if it is in connected mode.
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ISSUES WITH SERVICE DISCOVERY IN MULTI-FREQUENCY,
CARRIER AGGREGATION, OR SINGLE FREQUENCY
DEPLOYMENTS

[00176] Current approaches to eMBMS service discovery generally have certain
limitations. For example, the UE may be unable to discover MBMS services offered on
other available adjacent cells (which as defined herein includes other frequencies on the
serving eNB), without switching to another adjacent cell. The UE cannot monitor or
discover the service that is available other than on the current serving cell (in the multi-
frequency context) or primary cell (in the carrier aggregation context). The UE cannot
determine when a scheduled service will be broadcast, or on which cell, frequency, or
component carrier a scheduled service will be broadcast. Similar issues may arise with
multi-frequency deployment and carrier aggregation deployment alike.

[00177] The techniques disclosed herein may be used to resolve these service
discovery issues for both multi-frequency and carrier aggregation deployment. These
solutions may be adopted for use with all types of neighboring cell, whether operating on
the same frequency or on different frequencies; for both carrier aggregation-capable and
non carrier aggregation-capable UEs; and for both on-going and scheduled future MBMS
service. The proposed techniques are not limited to use within a specific geographic
location.

[00178] Existing approaches for resolving similar service discovery issues in carrier
aggregation are subject to certain disadvantages. In one approach, frequency information
for each MBMS-providing carrier component should be transmitted on other component
carriers. In another approach, both frequency and MBMS relevant information for each
MBMS-providing carrier component should be transmitted on other component carriers.
Similarly, it has been proposed that frequency information and MCCH notification of
each MBMS-providing carrier component should be transmitted on other component
carriers. The foregoing approaches may suffer from the disadvantage of requiring the UE
to receive and process System Information Block (SIB) data and MCCH data more
frequently than would be desirable. Yet another alternative approach calls for the
frequency information for each MBMS-providing component carrier and all MBMS
service identifiers included in the Temporary Mobile Group Identity (TMGI) list to be
forwarded on other component carriers. This approach, however, may result in excessive
overhead on the primary cell. Various aspects of the present disclosure avoid the

drawbacks of these existing approaches.
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MBMS SERVICE ANNOUNCEMENT & DISCOVERY

[00179] Prior to describing various aspects of the present disclosure in more detail,
certain details of eMBMS service discovery in single-frequency contexts (e.g., MBSFN)
will be summarized below, with reference to FIG. 30 showing functional aspects 3000 of
a BM-SC 3002. During network system initialization, each cell may be configured with
an MBSFN area identifier and MBMS service area lists. Each MBMS service may be
uniquely identified by a corresponding TMGI, which may comprise a PLMN identifier
plus a service identifier. The BM-SC 3002 holds data mapping MBMS services to
MBMS service areas.

[00180] After initialization, the BM-SC 3002 transmits a service guide, also referred to
herein as a service announcement, using either unicast or multicast signaling. For
example, a UE may access a web site to request a service guide, and receive the guide via
a unicast transmission. In the alternative, the BM-SC may provide the service guide via
multicast/broadcast using a Multicast Traffic Channel (MTCH). Content may be
provided to the BM-SC 3002 from a content provider or source 3004.

[00181] An MBMS user service discovery/announcement 3008 may be used to
advertise MBMS streaming and MBMS download user services and user service bundles
in advance of, and potentially during, the user service sessions. The MBMS user services
may be described by metadata (objects/files) delivered using the session and transmission
function, or using interactive announcement functions. The MBMS session and
transmission function 3010 transfers the actual MBMS session data to a group of UEs
using either an MBMS delivery function 3012 or an associated delivery function 3014,
such as unicast bearer services. An interactive announcement function 3006 may provide
an alternative method for providing service descriptions to the UE using HTTP, or service
descriptions may be distributed through other interactive transport methods.

[00182] MBMS user service discovery/announcement involves the delivery of
fragments of metadata to many receivers in a suitable manner. The metadata itself
describes details of services. Referring to FIG. 31, metadata 3100 may be a single
uniquely identifiable block of metadata and may include various metadata fragments,
each of which may be defined as a single identifiable block of metadata. For example, a
single Session Description Protocol (SDP) file may be a metadata fragment. The
metadata 3100 may include a first metadata fragment describing details of a single

MBMS service 3102a or a bundle of MBMS user services 3102b, a second metadata
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fragment 3104 describing details of MBMS user service sessions, a third metadata
fragment 3106 describing details of associated delivery methods and procedures 3108, a
fourth metadata fragment 3110 describing details of service protection, and a fifth
metadata fragment 3112 describing details of a Forward Error Correction (FEC) repair
data stream.

[00183] Referring again to FIG. 30, a service announcement may be made using an
MBMS Delivery Function (bearer) 3012. To receive a service announcement the client
obtains session parameters for a related MBMS download session transport. This may be
achieved by storing the related session parameters in the MBMS UE, or using Open
Mobile Alliance (OMA) push delivery. In the alternative, a user service announcement
may be made using an interactive announcement function 3006. User service
descriptions may be transported to the UE using HTTP or other interactive transport
methods. A BM-SC 3002 may provide the service descriptions on request. Aggregated
MBMS service announcement documents may be used with the interactive announcement
functions. UEs may be configured to support the disassembly of aggregated MBMS
service announcement documents. A user service announcement may be made using
point-to-point push bearers, for example, SMS bearers, or HTTP push bearers. This may

have several characteristics that differ from user service announcement over a MBMS

bearer.
eMBMS SERVICE DISCOVERY IN SINGLE FREQUENCY
[00184] When an MBMS session is about to start, BM-SC sends out session start over

an eMBMS control plane. A session start command includes a TMGI for the service and
an MBMS service area identifier. The command originates from the BM-SC, and may be
passed through SG-mb, Sm, M3, M2 interfaces and reaches the MCE.

[00185] Referring to FIG. 32, showing an MCE subsystem 3200, the MCE 3202 may
determine an impacted MBSFN area identifier and corresponding cells. The MCE 3202
may then send a session start signal to the appropriate cells eNBy to eNB,. Upon
receiving a session start signal, the cell can receive MBMS data over an M1 interface
using an MBMS Internet Protocol (IP) multicast address. The MCE 3202 sends MBMS
Schedule Information (MSI), to enable eNBy to eNB,, to transmit PDCCH and updated
MCCH at the appropriate times.

[00186] FIG. 33 shows further details summarizing functionality of the MCE related to

MBMS control. For example, the MCE may perform an initialization function, a session
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control function, and a counting function as described in more detail in FIG. 33. The
MCE may receive messages from the MME via the M3 interface, and transmit messages
to the eNB via the M2 interface. Examples of such messages and their relation to the
functions described are also shown in FIG. 33 using the labeled arrows. FIG. 34A shows
an example of a message definition for an M2 setup request message from an eNB to an
MCE. FIG. 34B shows an example of an M2 setup request message specifying an
MCCH related Broadcast Control Channel (BCCH) configuration item. FIG. 34C shows
an example of an M2 setup request message specifying an E-UTRAN Cell Global
Identity (CGI). FIG. 35A shows an example of an M2 setup response message. FIG. 35B
shows an example of an M2 setup response message for an MCCH related BCCH
configuration item. FIG. 36 shows an example of an M2 session start response message.

[00187] By monitoring PDCCH and MCCH, the UE discovers the session start. Using
schedule information decoded from the MSI, the UE is able to decode the corresponding
MBMS service broadcast from the cell on which it is camped or connected. As
previously noted, current approaches do not provide an efficient way for service
discovery on alternative adjacent cells.

NEW APPROACHES TO SERVICE ANNOUNCEMENT DISCOVERY

[00188] According to aspects herein, the network provides enough MBMS related
information to the UE, through one of a combination of a service guide or announcement,
cell broadcast message, or SIB, such that the UE can determine which cell will provide a
service of interest and at what time the service of interest is available.

A FIRST ALTERNATIVE EMBODIMENT

[00189] According to a first alternative, the UE discovers an MBMS service of interest
by checking MBMS service area information. Each cell broadcasts the MBMS service
areas that it supports. Every cell knows the MBMS service areas the cell supports, and an
identifier for each supported service area may be stored in the format of MBMS-Service-
Area AVP with type OctetString.

[00190] There may be up to “N” number of MBMS service areas in the network
system. Assuming that N is not greater than 256, each MBMS service area may be
assigned an unique index, herein called a Service Area Index, not to be confused with a
Service Area Identity (SAI). Values for an SAI range from zero to 2'°-1; in comparison,
values for the Service Area Index as described herein may have a distinct (and smaller)

range, for example from zero to 255. The Service Area Index is selected such that there
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is a one to one mapping between MBMS-Service-Area AVP OctetString values to
Service Area Index values. Further details are provided, by way of example, in the
section below titled “SERVICE AREA INDEX.” The Service Area Index may be
described as a hash of the MBMS SAIs for available MBMS service areas served by a
particular cell. The Service Area Index is used to compress the information bits passed
from the network to the mobile entity (UE).

[00191] Both the BMSC and Cell (eNB) have map information describing a one to one
mapping between MBMS service area AVP OctetString value to Service Area Index
through OAM, using existing interfaces for configuring MBMS service areas. Each cell’s
Service Area Index list may be appended in SIB13 through a 256(N)bits bitmask, with
each Service Area Index status represented by one bit, for example, enabled(1) or
disabled(0). The total length of the Service Area Index may be, for example, 32 bytes,
determined from a maximum number of service areas (e.g., 256) divided by & bits per
byte. In addition, the Service Area Index list for a neighbor cell together with the
neighbor’s FregbandIndicator(0..64) and cell identifier may be provided to a mobile
entity in SIB 13 or a some other SIB.

[00192] The UE may determine which MBMS service areas the current cell supports
by decoding SIB 13. The UE may determine which MBMS service areas the neighbor
cell supports as well, based on neighbor cell information included in SIB 13.

[00193] In another aspect of the first alternative, when the BM-SC provides a service
guide, in addition to the TMGI, the BM-SC may also provide the associated Service Area
Index value for each MBMS service, for the cell that the Service Area Index pertains to.
For example, the BM-SC may pass a TMGI’s corresponding Service Area Index in
MBMS user services session description metadata together with the TMGI (mode of
MBMS bearer per media). The Service Area Index may be generated by an eNB, MCE,
MME, or other network entity.

[00194] Using the Service Area Index for a service of interest and the current cell
provided by the BM-SC, the UE may determine whether the current cell is providing or
will provide that service, using the Service Area Index provided from the eNB in SIB 13
or elsewhere. For example, if the BM-SC provides an index value of “2” for particular
MBMS service, the mobile entity looks up that index value and reads the status bit
indicating “enabled” or “disabled.” If the current cell does not provide the service (e.g.,
status is set to “disabled”), the UE may check one or more Service Area Indices for

neighbor cells, until it identifies one or more neighbors in which the service is enabled.
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[00195] However, if the UE does not possess a Service Area Index for one or more
neighbors, the UE may search for a neighbor providing the desired service using a
different procedure. For example, if the UE is in IDLE mode, it may initiate one or more
cell reselection procedures until it camps on a cell providing the desired service.
According to a modified cell reselection criteria, the eNB selecting the neighbor may also
use information from a neighbor MBMS Service Area Index and cell identifier to select a
target cell providing the desired service. For further example, if the UE is in a connected
mode, it may request a handover to a cell providing the desired service, using a modified
handover procedure. In addition to providing signal measurements as hand off triggering
events, the UE may also supply service discovery information to trigger a handoff or for
selection of a target cell. For example, the UE may include MBMS service related
information such as a TMGI, Service Area Index or cell identifier in an existing
measurement report or other message for an eNB.

[00196] If a UE in IDLE mode is able to determine, using a Service Area Index for a
neighbor cell, one or more neighbors in which the desired service is enabled, the UE may
perform cell reselection to camp on a cell providing the desired service. The UE and eNB
may use a modified cell reselection criteria to select a cell within a requested MBMS
service area and with the strongest cell reselect signal. If the UE is in connected mode, it
may similarly request a handover to a cell providing the desired service, using a modified
handover procedure. Besides providing signal measurements as hand off triggering
events, the UE may also supply MBMS service discovery information to an eNB to
trigger a handoff or for selection of a target cell, as noted above. In either idle or
connected modes, if the service start time is relatively far in the future, the cell switch
procedure may be postponed until the current time is close to a known service start time,
for example, when triggered by an internal clock. For further example, a UE may request
a hand over to an adjacent cell several minutes or seconds before a desired service is
scheduled to begin on the adjacent cell.

[00197] Service discovery on adjacent cells (e.g., frequencies, carrier components, or
base station) may thereby be enabled using minimal overhead. Advantageously, the
described embodiment should be relatively easy to implement. This method may require
minor modifications at various layers of existing protocols, including the service guide,

System Information Block (SIB) and UE operational programming.
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SERVICE AREA INDEX

[00198] Various methods may be used to hash a list of MBSM Service Area Identifiers
to obtain a Service Area Index. In an aspect, a network entity, for example an eNB, sorts
SAls for MBMS services that the entity provides according to a first octet of an identifier.
For example, the eNB may sort SAls in ascending or descending order, to obtain a sorted
list of SAls. The sorted list may contain duplicate entries, indicating that the
corresponding services are offered in the same service area at different times. The
network entity may strip duplicate SAls from the sorted list to obtain a condensed sorted
list. Then, the network entity may assign an index number for each record in the
condensed sorted list. For example, the entity may initiate the index number starting at
zero and increment the index number by one for each successive record in the condensed
sorted list. The resulting index may be a list of numbers from zero to “N,” representing
”N+1” unique MBMS services areas provided by a particular MBMS deployment. The
resulting Service Area Index may then be associated with an identifier for the relevant
cell and used by the UE to determine whether the identified cell offers a particular
service, using techniques as described elsewhere herein.

A SECOND ALTERNATIVE EMBODIMENT

[00199] According to a second alternative embodiment, the UE determines a status for
a service of interest by checking an MBSFN area identifier (MBSFNArealD). Currently,
every cell broadcasts all the MBSFNArealDs it supports in SIB 13 according to
conventionally supported protocols. However, unlike conventional practices, when the
BMSC provides a service guide, in addition to the TMGI, the BMSC may also provide
the associated Service Area Index for each service, as described above for the first
alternative embodiment. In addition, the MCE determines a map of cell identifiers to
MBSFNArealDs during an M2 setup request and M2 setup response procedure. The
MCE may also determine a map of MBSFNArealDs to MBMS service areas for all the
¢NBs that the MCE serves. For a more detailed example of such mapping, see the section
below titled “MAPPING AN MBSFN AREA ID TO MBMS SERVICE AREAS/CELL
LIST.”

[00200] Then, a network entity (e.g., MCE or eNB) may provide the map of
MBSFNArealDs to MBMS service areas to the UE. The network entity may also provide
a map of MBSFNArealDs to cell identifiers. Using these maps, the UE may determine
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which MBSFN area and cell is providing, or will be providing, an MBMS service of
interest to the UE.

[00201] In an aspect, the MCE provides the map information to the BM-SC, and the
BM-SC provides the map information to the UE with MBMS service
guide/announcement information. The BM-SC may use a MBMS session and
transmission function, or an interactive announcement function to provide this
information to the UE. For example, the BM-SC may provide the MBSFNArealDs to
MBMS service areas map information in the MBMS user services bundle description, and
the TMGI’s corresponding service area in an MBMS user service session description.
The MBMS session and transmission function transfers the actual MBMS session data to
a group of MBMS UEs, using either MBMS bearer services or unicast bearer services.
The interactive announcement function provides service descriptions to the UE using
HyperText Transport Protocol (HTTP) or other interactive transport method.

[00202] Currently, no interface is defined in LTE or similar wireless communications
standards to enable direct communication between the MCE and BM-SC. Therefore, the
described information can be provided through existing M3, Sm and SG-mb interfaces by
using new messages.

[00203] In an alternative aspect, the MCE may pass the map information to the eNBs,
which may pass the information to UE over the air. The map information may be
relatively static, that is, should not require frequent updates. In such cases, the map
information may be transmitted to the UE in a SIB. In the alternative, the map
information may be sent as a dedicated unicast message using a UE request, network
response sequence, and stored by the UE until updated information is provided.

[00204] The transmission mode selected for transmitting the map information may
depend on the amount of information to be transmitted. In a scenario providing a
MBSFNArealD list to service area list mapping for the whole system, map information
for up to 256 MBSFNArealDs, each with up to 256 service arecas, may nced to be
transmitted. Such a map may require up to 256*(1 byte+256bits) = 8448 bytes. Such a
quantity of data may exceed capacity of a SIB. When this much information is provided,
the UE can locate the MBSFN Area ID for any service of interest, system wide. In a
another scenario where the MBSFNArealD list to service area list mapping is provided
only for the current cell, up to 8 MBSFNArealDs, each with up to 256 service areas may
be provided, having a lower data requirement of 8*(1+32)=264 bytes. This smaller
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amount of data may be transmitted in a SIB. In this scenario, the UE may be limited to
determining whether the serving cell provides an MBMS service of interest.

[00205] As in the first embodiment, when a user indicates an interest in a particular
service, the UE can discover whether the serving cell is providing or will provide that
service or not, using the mapped information. If the serving cell does not provide the
desired service, the UE may request assignment to another cell where the service is
available, as previously described.

MAPPING AN MBSFN AREA ID TO MBMS SERVICE AREAS/CELL LIST

[00206] The following description is provided merely by way of example, and not by

1342
1

way of limitation. Given a list of cell identifiers, for example, Cell[i] where goes
from zero to “n” and for each Cell[i], there exists a number “N” of MBMS service areas
typically less than or equal to 256, such that for all cells Cell[i] there exists an aggregate
matrix of MBMS service arcas MBMS_SA[i][0], MBMS SATi][1], ... MBMS_SA[i][N-
1] as input for a mapping function. The mapping function should operate to map the
MBSFNArealDs for MBSFM areas to the MBMS service arca list. The mapping
function should further map the cell identifiers to the MBMSFNArealDs. The service
area identifier may be in index (one octet) or AVP (octet string) format.

[00207] The map output may be generated as follows. First, a comprehensive list of
MBMS service areas served by the MCE may be identified, for example by initializing a
256 bits bitmap, looping through all cell and service area identifiers, and marking the
service area in the bit mask. Second, a map between service area identifiers and cell
identifiers may be defined by looping through the overall service area list, and for each
service arca by looping over the cell list. The map may record a list of cell identifiers for
cells that support the service area. Third, a map between MBSFNArealDs and service
arcas may be defined by looping through the overall service arca list, assigning an
MBSFNArealD to a service area with a different cell list, and recording the
MBSFNArealD to service area list mapping. Fourth, MBSFNArealD may be mapped to
each cell identifier by looping though the MBSFNArealD list to record each
MBSFNArealD mapped to all cell identifiers that the MBSFNArealD is associated to.
Fifth, map the cell identifier list to each MBSFNArealD, by looping through the cell
identifier list, to record each identifier to all MBSFNArealDs it is associated to.

[00208] For example, assume an input wherein the MCE serves eNBO, eNB1, eNB2,

and each eNB services cells and service arcas as follows: eNBO has two cells, Cell0 0
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having three service areas 1,2,3, and Cell0 1 having three service areas 1,2,3; eNBI1 has
one cell Celll 0 having three service arcas 2,3,4; eNB2 has two cells, Cell2 0 having
three service areas 4,5,6 and Cell2_1 having three service areas 4,5,6. Given this input,
an MCE executes the described mapping algorithm to determine mapping information, as
follows. After the first step, the MCE obtains an overall SA list: {SA1, SA2, SA3, SA4,
SAS, SA6}. After the second step, the MCE obtains a map as follows: SA1 — Cell0_0,
Cell0_1; SA2 — Cell0_0, Cell0_1, Celll 0; SA3 — Cell0_0, Cell0_1, Celll_0; SA4 —
Celll 0, Cell2 0, Cell2_1; SAS — Cell2_0, Cell2_1; and SA6 — Cell2 0, Cell2 1. After
the third step, the MCE obtains a map as follows: MBSFNArea0: SA1; MBSFNAreal:
SA2,SA3; MBSFNArea2: SA4; and MBSFNArea3: SAS5,SA6. After the fourth step, the
MCE obtains a map as follows: Cell0_0/Cell0_1: MBSFNAreaO, MBSFNAreal; Celll O:
MBSFNAreal, MBSFNArea2; and Cell2 0/Cell2 1: MBSFNArea2, MBSFNArea3.
After the fifth step, the MCE obtains a map as follows:MBSFNArea0: Cell0_0, Cell0 1;
MBSFNAreal: Cell0 0, Cell0 1, Celll 0; MBSFNArea2: Celll 0, Cell2 0, Cell2 1;
MBSFNArea3: Cell2 0, Cell2_1.

[00209] Accordingly, and for further example, if a UE wants to monitor a service in
Service Area 3, the UE can determine that it needs to monitor MBSFNAreal. If
MBSFNAreal is not supported by the current cell, the UE can use the map to identify a
cell in Service Area 3, in this case the UE may reselect or request handoff to switch to a
target cell in MBSFNArea 1, i.e. eNBO or eNB1 cells.

A THIRD ALTERNATIVE EMBODIMENT

[00210] According to a third alternative embodiment, a UE may acquire a program
start time for a desired eMBMS service and duration of the service, using a service guide.
The UE may then scan available adjacent cells to detect the eMBMS service, starting at a
time determined in relation to the program start time. This approach may resemble
conventional monitoring or any of the first, second, fourth or fifth alternative
embodiments described herein, except that monitoring is limited to a schedule-based time
window. This approach may be useful for conserving power and other resources, and
preventing unnecessary switching to alternative cells, as compared to approaches where
scanning is performed more frequently. In addition, the approach may maximize
utilization of a best available cell by preventing a UE from switching earlier than

necessary to a sub-optimal cell to obtain a desired eMBMS service.
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[00211] While in idle state, if the UE does not receive any information mapping
eMBMS service to network cells or frequencies from any network entity, the UE may
scan available frequencies to discover a desired service on an adjacent cell. The UE may
perform the scan upon powering up to locate and camp on a cell providing a desired
eMBMS service. In the alternative, or in addition, if at any time after powering up the
UE determines that a desired eMBMS service is not available on the cell on which the UE
is camped, the UE may perform the scan starting at a time determined using a program
start time for the desired service. That is, the UE may wait before performing a scan until
a relatively short time before the program is scheduled to start, or may scan immediately
if the desired program has already started. Once the UE has determined an adjacent cell
that provides the service it is looking for, it may raise a priority of a selected cell
providing the desired service, thereby triggering a cell reselection procedure to cause the
UE to camp on the selected cell to obtain the desired service.

[00212] When the UE is in a connected state, the serving base station may provide a
list of candidate neighbor cells to the UE. The UE may then scan the neighbors identified
on the provided list in any suitable order, for example in descending signal strength order,
until the UE identifies a neighbor cell that provides or will be providing the desired
eMBMS service. The UE may perform this scan either in a measurement gap or at
anytime if the UE is a multi-frequency capable device. The UE will send the
measurement report to the serving base station. The UE may also indicate a cell with
desired eMBMS service to the serving base station. In the alternative, the UE may
increase a value of a measurement reported in the measurement report for a selected
neighbor cell providing the desired eMBMS service for the duration of the service,
provided that the signal strength from the selected cell is above a defined threshold. In
response to receiving a designation of the selected cell, or in response to receiving the
increased measurement for the selected cell, the serving base station may then execute
procedures for completing a handover of the UE to the neighbor cell providing the desired
eMBMS service.

A FOURTH ALTERNATIVE EMBODIMENT

[00213] According to a fourth alternative embodiment, TMGI group identity is used to
provide information from a network entity such as a BM-SC to a mobile entity. The BM-
SC may determine sets of service identifiers (e.g., a TMGI group) for e MBMS services to

be broadcast in an area, independently of MBSFN service arcas. As used herein, a
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“TMGI group” refers to a new identity for a group of TMGIs that will be transmitted
using the same cell. Services that are ‘commonly watched together’ may be part of the
same “TMGI group”, so that a single receiver UE is able to obtain other services on the
same cell. That is, each set of service identifiers indicates a group of eMBMS services to
be transmitted on a respective one of the adjacent cells. The TMGI group information
should be relatively static in nature. Many TMGI groups may be transmitted on the same
cell, but no two TMGIs in the same group will be transmitted on different adjacent cells.
As noted, TMGI grouping may be independent of MBSFN areas.

[00214] In an aspect, the BM-SC may provide the sets of service identifiers (e.g.,
TMGI group) directly to a mobile entity using a service announcement procedure. In
addition, the BM-SC may provide the sets of service identifiers to a base station servicing
the mobile entity, via an M3 and M2 interfaces. The base station may then transmit
information to the mobile entity mapping each of the sets of service identifiers to a
respective one of the adjacent cells. As used herein, “adjacent cells” may include one or
more of frequencies, carrier components or neighbor cells. The information provided to
the mobile entity may be provided in SIB 13. Techniques for compacting or compressing
the map information to be provided in SIB 13 may be used, for example such as described
herein.

[00215] Using the transmitted information from the BM-SC, the mobile entity can
determine a TMGI group for each TMGI. Using the information from the eNB, the
mobile entity can determine the adjacent cell for each TMGI group. Thus, the mobile
entity can determine the adjacent cell for any MBMS service that can be identified by a
TMGI. Once it has determined the adjacent cell, the mobile entity may perform
operations as described elsewhere herein to obtain a desired MBMS service on its current
cell or on an adjacent cell.

A FIFTH ALTERNATIVE EMBODIMENT

[00216] According to a fifth alternative embodiment, information mapping eMBMS
services to adjacent cells may be provided using a hashing technique. According to this
embodiment, the network advertises a count of adjacent cells that carry respective ones of
the eMBMS services. For example, if a network has a total of “N” adjacent cells
providing eMBMS services, a network entity advertises the number “N” identified as a

adjacent cell count to mobile entities.
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[00217] In addition, the network entity generates a hash of information mapping each
of the service identifiers (e.g., TMGIs) to a corresponding identifier for the adjacent cells.
Although any suitable hash function may be used, this hash function operates on input
parameters that include the advertised count of adjacent cells and the service identifiers to
provide the mapping information as a hashed output. Examples of hashing methods are
described herein, which may be adapted for use with this embodiment. The network
provides the hashed output to mobile entities, from which an adjacent cell used for
transmitting any one of the counted service identifiers can be determined by the mobile
entity.

[00218] The mobile entity uses the advertised count and an identifier for a desired
eMBMS service to perform a reverse hashing procedure and thereby determine an
adjacent cell that provides the desired eMBMS service. One it has determined the
adjacent cell, the mobile entity may perform operations as described elsewhere herein to
obtain a desired MBMS service on its cell or on an adjacent cell.

FURTHER METHODOLOGIES AND APPARATUS EXAMPLES

[00219] Methodologies that may be implemented in accordance with the disclosed
subject matter under the topical heading “EMBMS SERVICE DISCOVERY IN MULTI-
FREQUENCY, CARRIER AGGREGATION AND SINGLE FREQUENCY DEPLOYMENT”
may be better appreciated with reference to various flow charts. For purposes of
simplicity of explanation, methodologies are shown and described as a series of
acts/operations. However, the claimed subject matter is not limited by the number or
order of operations, as some operations may occur in different orders and/or at
substantially the same time with other operations from what is depicted and described
herein.  Moreover, not all illustrated operations may be required to implement
methodologies described herein. It is to be appreciated that functionality associated with
operations 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.
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[00220] In the examples below, references to Multimedia Broadcast Multicast Service
(MBMS) should be understood as also encompassing evolved MBMS (eMBMS). For
example, “MBMS” as used in any method, apparatus or operation described below may
be replaced by “eMBMS” throughout to describe an alternative method, apparatus or
operation for eMBMS instead of MBMS. It should be appreciated, that MBMS and
eMBMS represent distinct protocols and therefore methods and apparatus for MBMS
should generally be implemented separately from methods and apparatus for eMBMS.

Network Entity/BM-SC

[00221] FIGS. 37A-G illustrate related methodologies for facilitating discovery of

Multimedia Broadcast Multicast Service (MBMS) or evolved MBMS (eMBMS) over

multiple adjacent cells from a network entity of a wireless communications system
(WCS), encompassing at least the alternative embodiments 1-2 and 4-5 discussed under
the Alternative Embodiment headings in the preceding sections. The transmission may
be broadcast so that multiple mobile devices may receive it. The network entity may
comprise a BM-SC as shown at 2912 of FIG. 29. The broadcast protocol may be
downlink only, such that any mobile device receiving the broadcast transmission does not
provide feedback to the BM-SC. The method 3700 shown in FIG. 37A may include, at
3702, transmitting a data element configured for a mobile entity within a WCS area, the
data element including service identifiers mapped to corresponding cell identifiers to
indicate respective MBMS services to be broadcast in the WCS area on adjacent cells
identified by respective ones of the cell identifiers. As noted previously, an “adjacent
cell” may refer to any one or all of a frequency, carrier component, or base station. As
such, a “cell identifier” may include one or more of an identifier for a frequency, carrier
component, or neighbor cell. Services to be broadcast may include services currently
being broadcast, services scheduled for broadcast and not yet being broadcast, or both.
The method 3700 may further include, at 3704, broadcasting the MBMS services within
the WCS area using the adjacent cells previously indicated in the data element. One or
more network entities in addition to, or instead of, the BM-SC may perform or participate
in the operations of transmitting a data element 3702 or broadcasting a MBMS service
3704. For example, these operations may also involve participation by a base station.
[00222] Additional operations 3705, 3715, 3725, 3735, 3745, and 3755 for facilitating
discovery of MBMS are illustrated in FIGS. 37B-G, for performance by the network
entity or entitics. One or more of these operations 3705, 3715, 3725, 3735, 3745, or 3755
may optionally be performed as part of method 3700. The elements 3705, 3715, 3725,
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3735, 3745, or 3755 may be performed in any operative order, or may be encompassed by
a development algorithm without requiring a particular chronological order of
performance. Operations illustrated in each figure 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. For example, if the
method 3700 includes at least one of the operations 3705, then the method 3700 may
terminate after the at least one operation, without necessarily having to include any
subsequent downstream operation(s) that may be illustrated. Each of the operations 3705,
3715, 3725, 3735, 3745, and 3755 may pertain to a different one of the embodiments
described above, although certain operations, for example the operations 3735 illustrated
in FIG. 37E, pertain generally to all embodiments.

[00223] Referring to FIG. 37B, the method may include additional operations 3705
pertaining to the first alternative embodiment. The additional operations 3705 may
include, at 3706, providing a service area index to the mobile entity indicating MBMS
service areas supported by at least one of a cell serving the mobile entity (serving cell) or
a neighbor cell). For example, the operations 3705 may further include, at 3708,
providing the service area index in System Information Block (SIB) 13. For example, the
service area index may be provided by appending the index through a bit mask, wherein
each service area is indicated as enabled or disabled using a corresponding bit. The base
station may provide the different service area indices each paired to a corresponding
frequency (or other identifier) for respective cells. For example, a first position in the
SIB may correspond to a first predetermined frequency, and second position to a second
frequency, and so forth. The operations 3705 may further include, at 3710, providing a
second service area index to the mobile entity indicating MBMS service areas supported
by an adjacent cell that is not serving the mobile entity, for example, a neighboring base
station. That is, the network entity may prepare and provide service area indices for base
stations (cells) not currently serving the mobile entity. These additional indices may be
selected for neighbor cells from service area indices prepared for the WCS, or may
include all indices without regard for whether the indices pertain to a neighbor cell.
Where the neighbor cell uses the same frequency or frequencies as the serving cell for
MBMS transmissions (i.e., is an intra-frequency neighbor), the base station may provide a
single service area index to the mobile entity pertaining to both the serving cell and intra-
frequency neighbor. Where the neighbor cell uses one or more different frequencies for

MBMS transmissions (i.e., is an inter-frequency neighbor), the base station may provide
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different service area indices pertaining to both the serving cell and intra-frequency
neighbor. The service area index may be identified by the frequency of the inter-
frequency neighbor.

[00224] Referring to FIG. 37C, the method may include additional operations 3715
pertaining to the first or second alternative embodiments. The additional operations 3715
may include, at 3712, including the service area index in the data element with a service
guide for transmission to the mobile entity, wherein the service guide includes a unique
service identifier for cach MBMS service in the MBMS service areas, and the data
clement associates ecach unique service identifier with a service area index for a
corresponding one of the MBMS service areas. In the alternative, or in addition, the
service guide may be configured to include frequency information defining one or more
frequencies on which respective MBMS services will be broadcast. The additional
operations 3715 may include, at 3714, transmitting the data element comprising the
service area index in MBMS user services session description metadata together with its
associated unique service identifier.

[00225] In an alternative pertaining to the second embodiment, the additional
operations 3715 may include, at 3716, mapping MBSFN area identifiers to the MBMS
service areas to obtain an MBSFNArealD/MBMS service area map. Furthermore, the
additional operations 3715 may include, at 3718, providing the MBSFNArealD/MBMS
service area map to the mobile entity. The additional operations 3715 may further
include, at 3720, providing information to the mobile entity mapping the MBSFN area
identifiers to cell identifiers.

[00226] Referring to FIG. 37D, the method may include additional operations 3725
pertaining to the first or second alternative embodiments, for generating a service area
index. The additional operations 3725 may include, at 3722, generating information
defining the data element, using a network entity managing broadcasting within the WCS
area. Generating the information defining the data element 3722 may include, at 3724,
preparing a service area index of recognized service areas. The service area index may be
prepared by hashing a list of the recognized service areas. The additional operations 3725
may include, at 3726, preparing the service area index by sorting the list of recognized
service arcas by a corresponding identifier to obtain a sorted list, removing duplicate
identifiers from the sorted list, numbering the sorted list using a sequence of index

numbers, and storing the sequence of index numbers for use in a service area index for
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the recognized service areas. A more detailed example of generating a service area index
has been provided in the preceding sections.

[00227] Referring to FIG. 37E, the method may include additional operations 3735
pertaining to all embodiments, for using MBMS service information in a transfer of
service to a neighbor base station. These operations 3735 represent an application of
mapping information made available to a mobile entity using a method 3700 or similar
method, and may be performed in conjunction with, or independently of, such methods.
The additional operations 3735 may include, at 3730, receiving a request from the mobile
entity requesting a change of service to an adjacent cell. For example, a serving base
station may receive the request while the mobile entity is in a connected state. The
additional operations 3735 may include, at 3732, selecting an adjacent cell to provide
wireless service to the mobile entity, using mapping information such as provided by a
mapping data element, in response to the request. For example, the base station may
weigh the availability of a desired MBMS service in selecting a target for transferring
service to, in addition to conventional quality criteria. ~ The additional operations 3735
may further include, at 3734, facilitating a transfer to the selected adjacent cell.

[00228] Referring to FIG. 37F, the method may include additional operations 3745
pertaining to the fourth alternative embodiment, for using a TMGI group identity to
provide service mapping information to mobile entities. The additional operations 3745
may include, at 3740, determining, independently of MBSFN areas, sets of service
identifiers for the MBMS services to be broadcast in the WCS area, each set indicating a
group of MBMS services to be transmitted on a respective one of the adjacent cells. The
set of service identifiers may be a TMGI group. Transmitting the data element 3702 of
the method 3700 may be performed, at 3742, by providing the sets of service identifiers
to the mobile entity using a service announcement procedure. The additional operations
3745 may include, at 3744, providing one or more of the sets of service identifiers for one
or more of the adjacent cells to a base station servicing the mobile entity. In an
alternative, transmitting the data element from the base station to the mobile entity 3702
of the method 3700 may be performed, at 3744, by providing information mapping each
of the one or more sets of service identifiers to a respective one of the adjacent cells.

[00229] Referring to FIG. 37G, the method may include additional operations 3755
pertaining to the fifth alternative embodiment, for using a count-based hash mechanism to
provide service mapping information to mobile entities. The additional operations 3755

may include, at 3750, advertising a count of adjacent cells that carry respective ones of
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the MBMS services. The additional operations 3755 may include, at 3752, hashing
information mapping at least one of the service identifiers to a corresponding one of the
adjacent cells, using a hash function operating on input parameters including the count of
adjacent cells to provide the data element as a hashed output. The additional operations
3755 may include, at 3754, hashing the information using a service identifier as an
additional one of the input parameters, to provide the hashed output from which at least
one of the adjacent cells used for transmitting the service identifier can be determined by
the mobile entity.

[00230] With reference to FIG. 3800, there is provided an exemplary apparatus 3800
that may be configured as BM-SC in a wireless network, or as a processor or similar
device for use within the BM-SC, for facilitating discovery of MBMS over multiple
adjacent cells from a network entity of WCS. The apparatus 3800 may include functional
blocks that can represent functions implemented by a processor, software, or combination
thereof (e.g., firmware).

[00231] As illustrated, in one embodiment, the apparatus 3800 may include an
electrical component or module 3802 for transmitting a data element configured for a
mobile entity within a WCS area, the data element including service identifiers mapped to
corresponding cell identifiers to indicate respective MBMS services to be broadcast in the
WCS area on adjacent cells that are identified by respective ones or more of the cell
identifiers. For example, the electrical component 3802 may include at least one control
processor coupled to a network interface or the like and to a memory with instructions for
providing the service identifiers mapped to cell identifiers. The electrical component
3802 may be, or may include, a means for transmitting a data element configured for a
mobile entity within a WCS area, the data element including service identifiers mapped to
corresponding cell identifiers to indicate respective MBMS services to be broadcast in the
WCS area on adjacent cells that are identified by respective ones or more of the cell
identifiers. Said means may be or may include the at least one control processor
operating an algorithm. The algorithm may include, for example, preparing a data
element including service identifiers mapped to corresponding cell identifiers to indicate
respective MBMS services to be broadcast in the WCS area on adjacent cells that are
identified by respective ones or more of the cell identifiers, encoding the data element in a
wireless signal, and transmitting the wireless signal using a transmitter component.

[00232] The apparatus 3800 may include an electrical component 3804 for

broadcasting the MBMS services within the WCS area using the adjacent cells previously
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indicated in the data element. For example, the electrical component 3804 may include at
least one control processor coupled to a memory holding instructions for causing the
MBMS services to be broadcast according to the mapped information. The electrical
component 3804 may be, or may include, a means for broadcasting the MBMS services
within the WCS area using the adjacent cells previously indicated in the data element.
Said means may be or may include the at least one control processor operating an
algorithm. The algorithm may include, for example, the adjacent cells receiving MBMS
content from a multicast network entity, and broadcasting the MBMS content using
transmitter components at each adjacent cell. The apparatus 3800 may include similar
electrical components for performing any or all of the additional operations 3705, 3715,
3725, 3735, 3745, or 3755 described in connection with FIGS. 37B-G, which for
illustrative simplicity are not shown in FIG. 38.

[00233] In related aspects, the apparatus 3800 may optionally include a processor
component 3810 having at least one processor, in the case of the apparatus 3800
configured as a network entity. The processor 3810, in such case, may be in operative
communication with the components 3802-3804 or similar components via a bus 3812 or
similar communication coupling. The processor 3810 may effect initiation and
scheduling of the processes or functions performed by electrical components 3802-3804.

[00234] In further related aspects, the apparatus 3800 may include a network interface
component 3814 for communicating with other network entities, and a transceiver 3818
for wirelessly transmitting and receiving data. A stand alone receiver and/or stand alone
transmitter may be used in lieu of or in conjunction with the transceiver 3818. The
apparatus 3800 may optionally include a component for storing information, such as, for
example, a memory device/component 3816. The computer readable medium or the
memory component 3816 may be operatively coupled to the other components of the
apparatus 3800 via the bus 3812 or the like. The memory component 3816 may be
adapted to store computer readable instructions and data for performing the activity of the
components 3802-3804, and subcomponents thercof, or the processor 3810, the additional
operations 3705, 3715, 3725, 3735, 3745, or 3755, or the methods disclosed herein. The
memory component 3816 may retain instructions for executing functions associated with
the components 3802-3804. While shown as being external to the memory 3816, it is to
be understood that the components 3802-3804 can exist within the memory 3816.
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Mobile Device

[00235] A mobile device may be configured to use information mapping service
identifiers to adjacent cell identifiers to access a broadcast transmission. Accordingly,
FIG. 39A illustrates a method 3900 that may be performed by a mobile device of a
wireless communications system, for discovering an MBMS service, encompassing at
least the alternative embodiments 1-2 and 4-5 discussed above. The MBMS may be
broadcast so that multiple mobile devices may receive it. The broadcast protocol may be
downlink only, such that any mobile device receiving the broadcast transmission does not
provide feedback to the BM-SC. The method 3900 shown in FIG. 39A may include, at
3902, receiving a data element from a network entity within a WCS area, the data element
including service identifiers mapped to one or more cell identifiers to indicate respective
MBMS services to be broadcast in the WCS area on one or more corresponding adjacent
cells that are identified by respective ones or more of the cell identifiers. As noted
previously, an adjacent cell may refer to any one or all of a frequency, carrier component,
or base station/cell.  As such, a “cell identifier” may include one or more of an identifier
for a frequency, carrier component, or neighbor cell. Services to be broadcast may
include services currently being broadcast, services not yet being broadcast, or both. The
method 3900 may further include, at 3904, discovering at least one of the MBMS services
broadcast within the WCS area on a corresponding one of adjacent cells, using the data
element. For example, the mobile entity may request a transfer to an adjacent cell
selected using the mapped information. In addition, the mobile entity may determine
whether or not its current cell provides or will provide an MBMS service of interest.

[00236] Additional operations 3905, 3915, 3925, 3935, 3945, and 3955 for discovery
of MBMS are illustrated in FIGS. 39B-G, for performance by the mobile entity or
entities. One or more of these operations 3905, 3915, 3925, 3935, 3945, or 3955 may
optionally be performed as part of method 3900. The elements 3905, 3915, 3925, 3935,
3945, or 3955 may be performed in any operative order, or may be encompassed by a
development algorithm without requiring a particular chronological order of performance.
Operations illustrated in each figure 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. For example, if the method
3900 includes at least one of the operations 3905, then the method 3900 may terminate

after the at least one operation, without necessarily having to include any subsequent
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downstream operation(s) that may be illustrated. Each of the operations 3905, 3915,
3925, 3935, 3945, and 3955 may pertain to a different one of the embodiments described
above, although certain operations, for example the operations 3935 illustrated in FIG.
39E, pertain generally to all embodiments.

[00237] Referring to FIG. 39B, the method may include additional operations 3905
pertaining to the first or second alternative embodiments. The additional operations 3905
may include, at 3906, receiving a service area index indicating MBMS service areas
supported by a serving base station. For example, the operations 3905 may further
include, at 3908, receiving the data element by receiving the service area index in MBMS
user services session description metadata together with its associated unique service
identifier. The service area index may be in a hashed or compressed form, which the UE
may process to recover the index information. The operations 3905 may further include,
at 3910, determining a cell identifier for a desired one of the MBMS services, using the
service area index, wherein the data element also includes the service area index. The
operations 3905 may further include, at 3912, receiving a second service area index
indicating MBMS service areas supported by a neighboring base station. As noted, the
network may prepare and provide service area indices for base stations (cells) not
currently serving the mobile entity. The mobile entity may use these additional indices to
request transfer to a neighbor cell providing a desired broadcast service.

[00238] Referring to FIG. 39C, the method may include additional operations 3915
pertaining to the first or second alternative embodiments. The additional operations 3915
may include, at 3914, receiving the service area index included in the data element with a
service guide, wherein the service guide includes a unique service identifier for each
MBMS service in the MBMS service areas, and the data element associates each unique
service identifier with a service area index for a corresponding one of the MBMS service
areas. The additional operations 3915 may include, at 3916, receiving the data element
comprising the service area index in description metadata for an MBMS user services
session, together with its associated unique service identifier.

[00239] In an alternative pertaining to the second embodiment, the additional
operations 3915 may include, at 3918, receiving from a network entity an
MBSFNArealD/MBMS service area map that maps MBSFN area identifiers to the
MBMS service areas. Furthermore, the additional operations 3915 may include, at 3920,

determining a cell identifier for a desired one of the MBMS services, using the
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MBSFNArealD/MBMS service area map with information mapping the MBSFN area
identifiers to base station identifiers received from a base station.

[00240] Referring to FIG. 39D, the method may include additional operations 3925
pertaining to the third alternative embodiment, for discovering a broadcast service. These
operations 3925 may be performed in conjunction with, or independently of, method 3900
or similar methods. The additional operations 3925 may include, at 3922, acquiring a
program start time for a desired MBMS service, using a service guide. The additional
operations 3925 may include, at 3924, scanning ones of the adjacent cells to detect the
MBMS service, starting at a time determined in relation to the program start time. The
additional operations 3925 may include, at 3926, receiving the MBMS service from an
adjacent base station transmitting the desired MBMS service using one of a cell reselect
procedure or a handover procedure, in response to detecting the MBMS service
transmitted from the base station.

[00241] Referring to FIG. 39E, the method may include additional operations 3935
pertaining to the fourth alternative embodiment, for using a TMGI group identity to
obtain service mapping information. The additional operations 3935 may include, at
3930, receiving the data element including at least one of sets of service identifiers for the
MBMS services to be broadcast in the WCS area from a network entity, each set
indicating a group of MBMS services to be transmitted on a respective one of the
adjacent cells. The set of service identifiers may be a TMGI group. The additional
operations 3935 may include, at 3932, receiving the data element by receiving
information mapping each of one or more sets of service identifiers to a respective one of
the adjacent cells from a base station. The additional operations 3935 may include, at
3934, determining a adjacent cell for the at least one of the MBMS services, using the at
least one of the sets of service identifiers and the information mapping each of one or
more sets of service identifiers to a respective one of the adjacent cells.

[00242] Referring to FIG. 39F, the method may include additional operations 3945
pertaining to the fifth alternative embodiment, for using a count-based hash mechanism to
obtain service mapping information. The additional operations 3945 may include, at
3940, receiving an advertised count of adjacent cells that carry respective ones of the
MBMS services. The additional operations 3945 may include, at 3942, processing a hash
output received from a network entity, to obtain information mapping at least one of the
service identifiers to a corresponding one of the adjacent cells, using a reverse hash

function operating on input parameters including the count of adjacent cells to obtain the
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information. The additional operations 3945 may include, at 3944, processing the hash
output to obtain the information using a service identifier as an additional one of the input
parameters, to determine at least one of the adjacent cells used for transmitting the service
identifier.

[00243] Referring to FIG. 39G, the method may include additional operations 3955
pertaining to all embodiments, for using MBMS service information in a transfer of
service to a neighbor base station. These operations 3955 represent an application of
mapping information made available to a mobile entity using a method 3900 or similar
method, and may be performed in conjunction with, or independently of, such methods.
The additional operations 3955 may include, at 3950, including a service identifier for a
desired one of the MBMS services in a request for change of service to a neighboring
base station. For example, the mobile entity may generate the request while the mobile
entity is in an idle state or in a connected state. The additional operations 3955 may
include, at 3952, including a cell identifier for a desired one of the adjacent cells in a
request for change of service to a neighboring base station. Generally, the mobile entity
may include a cell identifier, a broadcast service identifier, or both, in a request for
transfer of service to a neighbor cell.

[00244] With reference to FIG. 40, there is provided an exemplary apparatus 4000 that
may be configured as a mobile device in a wireless network, or as a processor or similar
device for use within the mobile device, for discovering a broadcast service. The
apparatus 4000 may include functional blocks that can represent functions implemented
by a processor, software, or combination thereof (e.g., firmware).

[00245] As illustrated, in one embodiment, the apparatus 4000 may include an
electrical component or module 4002 for receiving a data element from a network entity
within a WCS area, the data element including service identifiers mapped to one or more
cell identifiers to indicate respective MBMS services to be broadcast in the WCS area on
one or more corresponding adjacent cells that are identified by a respective one or more
of the cell identifier. For example, the electrical component 4002 may include at least
one control processor coupled to a transceiver or the like and to a memory with
instructions for receiving and using the data element. The electrical component 4002 may
be, or may include, a means for receiving a data element from a network entity within a
WCS area, the data element including service identifiers mapped to one or more cell
identifiers to indicate respective MBMS services to be broadcast in the WCS area on one

or more corresponding adjacent cells that are identified by a respective one or more of the
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cell identifier. Said means may be or may include the at least one control processor
operating an algorithm. The algorithm may include, for example, receiving a wireless
signal, decoding the wireless signal to obtain decoded data, and processing the decoded
data to identify the data element including service identifiers mapped to one or more cell
identifiers to indicate respective MBMS services to be broadcast in the WCS area on one
or more corresponding adjacent cells that are identified by a respective one or more of the
cell identifier.

[00246] The apparatus 4000 may further include an electrical component 4004 for
discovering at least one of the MBMS services broadcast within the WCS area on a
corresponding one of adjacent cells, using the data element. For example, the electrical
component 4004 may include at least one control processor coupled to a transceiver or the
like and to a memory holding instructions for determining a cell in which a desired
broadcast service is available, or determining whether or not specified services are
available in a current cell, using the map information included in the data element. The
electrical component 4004 may be, or may include, a means for discovering at least one
of the MBMS services broadcast within the WCS area on a corresponding one of adjacent
cells, using the data element. Said means may be or may include the at least one control
processor operating an algorithm. The algorithm may include, for example, receiving
user input indicating an MBMS service of interest, looking up the service of interest to
determine one or more adjacent cells providing the service and times at which each
service will be broadcast on the respective adjacent cells, selecting at least one of the
adjacent cells, receiving a wireless signal from the selected adjacent cell starting at a time
determined from the data element, and obtaining MBMS content of interest from the
wireless signal. The apparatus 4000 may include similar electrical components for
performing any or all of the additional operations 3905, 3915, 3925, 3935, 3945, or 3955
described in connection with FIGS. 39B-G, which for illustrative simplicity are not
shown in FIG. 40.

[00247] In related aspects, the apparatus 4000 may optionally include a processor
component 4010 having at least one processor, in the case of the apparatus 4000
configured as a mobile entity. The processor 4010, in such case, may be in operative
communication with the components 4002-4004 or similar components via a bus 4012 or
similar communication coupling. The processor 4010 may effect initiation and

scheduling of the processes or functions performed by electrical components 4002-4004.
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[00248] In further related aspects, the apparatus 4000 may include a radio transceiver
component 4014. A stand alone receiver and/or stand alone transmitter may be used in
lieu of or in conjunction with the transceiver 4014. The apparatus 4000 may optionally
include a component for storing information, such as, for example, a memory
device/component 4016. The computer readable medium or the memory component
4016 may be operatively coupled to the other components of the apparatus 4000 via the
bus 4012 or the like. The memory component 4016 may be adapted to store computer
readable instructions and data for performing the activity of the components 4002-4004,
and subcomponents thereof, or the processor 4010, the additional operations 3905, 3915,
3925, 3935, 3945, or 3955, or the methods disclosed herein for a mobile device. The
memory component 4016 may retain instructions for executing functions associated with
the components 4002-4004. While shown as being external to the memory 4016, it is to
be understood that the components 4002-4004 can exist within the memory 4016.

%* % %

[00249] 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.

[00250] 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 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.

[00251] The various illustrative logical blocks, modules, and circuits described in

connection with the disclosure herein may be implemented or performed with a general-
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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, e.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.

[00252] 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.

[00253] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thercof. 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. Non-transitory computer-
readable media includes both computer storage media and temporary memory media 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
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“disks” usually refers to media that encode data magnetically, while “discs” usually refers
to media that encodes data optically. Combinations of the above should also be included
within the scope of non-transitory computer-readable media.

[00254] 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
such as are readily apparent to those skilled in the art, and the generic principles described
herein may be applied to such 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 should be accorded the widest scope consistent with the principles

and novel features disclosed herein. WHAT IS CLAIMED IS:
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CLAIMS

1. A method for managing transfer of Multimedia Broadcast/Multicast Services
(MBMS) over a Single Frequency Network (MBSFN) service and idle mode unicast service
for a mobile entity from a source base station to a target base station of a cellular wireless

communications system, the method comprising:

identifying candidate target base stations based on each having paging signal
strength and system information signal strength sufficient to support camping on by the

mobile entity in idle mode;

prioritizing the candidate target base stations in a priority order based in part
on an MBMS status of the mobile entity and on MBMS services support by respective ones

of the candidate target base stations;

in response to determining that none of the candidate target base stations
supports the MBSFN service for the mobile entity, selecting a target base station that does not
support the MBSFN service for the mobile entity; and

transmitting an identifier for the target base station from the source base
station, for use in transferring the MBSFN service and unicast service to the target base

station.

2. The method of claim 1, further comprising transmitting buffered MBMS
content from the source base station to the target base station for unicast transmission to the

mobile entity.

3. The method of claim 2, further comprising stopping transmission of the
buffered MBMS content to the target base station in response to a signal indicating the target

base station is receiving the MBMS content from another source.

4. The method of claim 1, further comprising scheduling MBMS content for

unicast transmission to the mobile entity.

5. The method of claim 4, further comprising handing the unicast transmission of

MBMS content over to the target base station.
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6. An apparatus for managing transfer of Multimedia Broadcast/Multicast
Services (MBMS) over a Single Frequency Network (MBSFN) service and idle mode unicast
service for a mobile entity from a source base station to a target base station of a cellular

wireless communications system, the apparatus comprising:

means for identifying candidate target base stations based on each having
paging signal strength and system information signal strength sufficient to support camping

on by the mobile entity in idle mode;

means for prioritizing the candidate target base stations in a priority order
based in part on an MBMS status of the mobile entity and on MBMS services support by

respective ones of the candidate target base stations;

means for in response to determining that none of the candidate target base
stations supports the MBSFN service for the mobile entity, selecting a target base station that
does not support the MBSFN service for the mobile entity; and

means for transmitting an identifier for the target base station from the source
base station, for use in transferring the MBSFN service and unicast service to the target base

station.

7. An apparatus managing transfer of Multimedia Broadcast/Multicast Services
(MBMS) over a Single Frequency Network (MBSFN) service and idle mode unicast service

for a mobile entity from a source base station to a target base station, comprising:

at least one processor configured for identifying a candidate target base
stations based on each having paging signal strength and system information signal strength
sufficient to support camping on by the mobile entity in idle mode, prioritizing the candidate
target base stations in a priority order based in part on an MBMS status of the mobile entity
and on MBMS services support by respective ones of the candidate target base stations, in
response to determining that none of the candidate target base stations supports the MBSFN
service for the mobile entity, selecting a target base station that does not support the MBSFN
service for the mobile entity, and transmitting an identifier for the target base station from the
source base station, for use in transferring the MBSFN service and unicast service to the

target base station; and

a memory coupled to the at least one processor for storing data.
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8. The apparatus of claim 7, wherein the processor is further configured for
transmitting buffered MBMS content from the source base station to the target base station

for unicast transmission to the mobile entity.

9. A computer-readable medium for managing transfer of Multimedia
Broadcast/Multicast Services (MBMS) over a Single Frequency Network (MBSFN) service
and idle mode unicast service for a mobile entity from a source base station to a target base
station, the computer-readable medium comprising code executable by a processor for:

identifying candidate target base stations based on each having paging signal
strength and system information signal strength sufficient to support camping on by the
mobile entity in idle mode, prioritizing the candidate target base stations in a priority order
based in part on an MBMS status of the mobile entity and on MBMS services support by
respective ones of the candidate target base stations, in response to determining that none of
the candidate target base stations supports the MBSFN service for the mobile entity, selecting
a target base station that does not support the MBSFN service for the mobile entity, and
transmitting an identifier for the target base station from the source base station, for use in

transferring the MBSFN service and unicast service to the target base station.

10. A method for handling, by a mobile entity, transfer of Multimedia
Broadcast/Multicast Services (MBMS) over a Single Frequency Network (MBSFN) service
and unicast service from a source base station to a target base station of a cellular wireless

communications system, the method comprising;:

receiving a signal from the source base station designating a target base

station;
completing a handover to the target base station; and

receiving MBMS content from the target base station in a unicast transmission

for an initial period.

11. The method of claim 10, further comprising receiving MBMS content in

multicast transmissions from the source base station, prior to completing the handover.

12. The method of claim 10, further comprising receiving MBMS content in

unicast transmissions from the source base station, prior to completing the handover.
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13. The method of claim 12, wherein the target base station supports the MBSFN
service for the mobile entity, further comprising acquiring Multicast Control Channel
(MCCH) signals from the target base station for decoding MBMS content on MBSFN

subframes.

14. The method of claim 13, further comprising receiving MBMS content from
the target base station in multicast transmissions, and decoding the MBMS content using

information from the acquired MCCH signals.

15. An apparatus for handling transfer of Multimedia Broadcast/Multicast
Services (MBMS) over a Single Frequency Network (MBSFN) service and unicast service
from a source base station to a target base station of a cellular wireless communications

system, the apparatus comprising:

means for receiving a signal from the source base station designating a target

base station;
means for completing a handover to the target base station; and

means for receiving MBMS content from the target base station in a unicast

transmission for an initial period.

16.  An apparatus for handling transfer of Multimedia Broadcast/Multicast
Services (MBMS) over a Single Frequency Network (MBSFN) service and unicast service

from a source base station to a target base station, comprising;:

at least one processor configured for receiving a signal from the source base
station designating a target base station, completing a handover to the target base station, and
receiving MBMS content from the target base station in a unicast transmission for an initial
period; and

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

17.  The apparatus of claim 16, wherein the processor is further configured for
receiving MBMS content in multicast transmissions from the source base station, prior to

completing the handover.

18.  The apparatus of claim 16, wherein the processor is further configured for
receiving MBMS content in unicast transmissions from the source base station, prior to

completing the handover.
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19.  The apparatus of claim 18, wherein the processor is further configured for
acquiring Multicast Control Channel (MCCH) signals from the target base station for
decoding MBMS content on MBSFN subframes.

20. A computer-readable medium for handling transfer of Multimedia
Broadcast/Multicast Services (MBMS) over a Single Frequency Network (MBSFN) service
and unicast service at a mobile entity from a source base station to a target base station, the
computer-readable medium comprising code executable by a processor for:

receiving a signal from the source base station designating a target base
station, completing a handover to the target base station, and receiving MBMS content from

the target base station in a unicast transmission for an initial period.

21. A method for obtaining a Multimedia Broadcast/Multicast Services (MBMS)
status of a mobile entity in a cellular wireless communications system, the method
comprising:

receiving, at a base station of the wireless communication system, a message
from a mobile entity including information for providing to an administrative network node

for use in MBMS service accounting; and

obtaining an MBMS status of the mobile entity from the message for use by

the base station.

22.  The method of claim 21, wherein receiving the message comprises receiving a
counting response message reporting at least one of an MBMS service the mobile entity is

receiving or is requesting.

23. The method of claim 21, wherein receiving the message comprises receiving
at least one of a registration message identifying an MBMS service the mobile entity is
registering for, a de-registration message identifying an MBMS service the mobile entity is
de-registering, an activation message identifying an MBMS service the mobile entity is
activating, or a de-activation message identifying an MBMS service the mobile entity is de-

activating,

24, The method of claim 21, further comprising reading the message at the base

station to obtain the MBMS status.
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25. An apparatus for obtaining a Multimedia Broadcast/Multicast Services
(MBMS) status of a mobile entity in a cellular wireless communications system, the
apparatus comprising:

means for receiving, at a base station of the wireless communication system, a
message from a mobile entity including information for providing to an administrative

network node for use in MBMS service accounting; and

means for obtaining an MBMS status of the mobile entity from the message

for use by the base station.

26.  An apparatus obtaining a Multimedia Broadcast/Multicast Services (MBMS)

status of a mobile entity, comprising:

at least one processor configured for receiving, at a base station of the wireless
communication system, a message from the mobile entity including information for providing
to an administrative network node for use in MBMS service accounting, and obtaining an

MBMS status of the mobile entity from the message for use by the base station; and

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

27.  The apparatus of claim 26, wherein the processor is further configured for
receiving the message by receiving a counting response message reporting at least one of an

MBMS service the mobile entity is receiving or is requesting.

28.  The apparatus of claim 26, wherein the processor is further configured for
receiving the message by receiving at least one of a registration message identifying an
MBMS service the mobile entity is registering for, a de-registration message identifying an
MBMS service the mobile entity is de-registering, an activation message identifying an
MBMS service the mobile entity is activating, or a de-activation message identifying an

MBMS service the mobile entity is de-activating.

29.  The apparatus of claim 26, wherein the processor is further configured for

reading the message at the base station to obtain the MBMS status.
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30. A computer-readable medium for obtaining a Multimedia Broadcast/Multicast
Services (MBMS) status of a mobile entity, the computer-readable medium comprising code
executable by a processor for:

receiving, at a base station of the wireless communication system, a message
from the mobile entity including information for providing to an administrative network node
for use in MBMS service accounting, and obtaining an MBMS status of the mobile entity

from the message for use by the base station.

31. A method for obtaining Multimedia Broadcast/Multicast Services (MBMS)
support information for a base station in a cellular wireless communications system, the
method comprising:

receiving, at a mobile entity of the wireless communication system, a message
from a serving base station;

obtaining an MBMS Service Area Identifier (SAI) for neighbor base stations
from the message; and

selecting a preferred base station for MBMS service, using the SAI for

neighbor base stations.

32. The method of claim 31, further comprising transmitting an identifier for the

preferred base station to a serving base station for use in supporting service continuity.

33. The method of claim 31, further comprising receiving the message on a

Broadcast Control Channel (BCCH).

34. The method of claim 33, further comprising determining, for the neighbor
base stations, at least one of an MBMS service support indicator, MBMS over a Single
Frequency Network (MBSFN) synchronization area identifier, MBSFN service identifier, and
a MBSFN area identifier from the BCCH message.
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35.  An apparatus for obtaining Multimedia Broadcast/Multicast Services (MBMS)
support information for a base station in a cellular wireless communications system, the
apparatus comprising:

means for receiving, at a mobile entity of the wireless communication system,

a message from a serving base station;

means for obtaining an MBMS Service Area Identifier (SAI) for neighbor

base stations from the message; and

means for selecting a preferred base station for MBMS service, using the SAI

for neighbor base stations.

36.  An apparatus for obtaining Multimedia Broadcast/Multicast Services (MBMS)

support information for a base station, comprising:

at least one processor configured for receiving, at a mobile entity of the
wireless communication system, a message from a serving base station, obtaining an MBMS
Service Area Identifier (SAI) for neighbor base stations from the message, and selecting a

preferred base station for MBMS service, using the SAT for neighbor base stations; and

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

37.  The apparatus of claim 36, wherein the processor is further configured for
transmitting an identifier for the preferred base station to a serving base station for use in

supporting service continuity.

38.  The apparatus of claim 36, wherein the processor is further configured for

receiving the message on a Broadcast Control Channel (BCCH).

39.  The apparatus of claim 38, wherein the processor is further configured for
determining, for the neighbor base stations, at least one of an MBMS service support
indicator, MBMS over a Single Frequency Network (MBSFN) synchronization area
identifier, MBSFN service identifier, and a MBSFN area identifier from the BCCH message.
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40. A computer-readable medium for obtaining Multimedia Broadcast/Multicast
Services (MBMS) support information for a base station, the computer-readable medium
comprising code executable by a processor for:

receiving, at a mobile entity of the wireless communication system, a message
from a serving base station, obtaining an MBMS Service Area Identifier (SAI) for neighbor
base stations from the message, and selecting a preferred base station for MBMS service,

using the SAIT for neighbor base stations.

41. A method for facilitating Multimedia Broadcast Multicast Service (MBMS)

discovery in a wireless communications system (WCS), the method comprising:

transmitting a data element configured for a mobile entity within a WCS area,
the data element including service identifiers mapped to corresponding cell identifiers to
indicate respective MBMS services to be broadcast in the WCS area on adjacent cells

identified by respective ones of the cell identifiers; and

broadcasting the MBMS services within the WCS area using the adjacent cells

previously indicated in the data clement.

42. The method of claim 41, further comprising providing a service area index to
the mobile entity, indicating MBMS service areas supported by at least one of a cell serving

the mobile entity or a neighbor cell.

43. The method of claim 42, wherein providing the service area index further

comprises appending the index in a System Information Block (SIB).

44. The method of claim 43, further comprising including the service area index in
the data element with a service guide for transmission to the mobile entity, wherein the
service guide includes a unique service identifier for each MBMS service in the MBMS
service areas, and the data element associates each unique service identifier with a service

area index for a corresponding one of the MBMS service areas.

45. The method of claim 43, further comprising generating information defining
the data element including a service arca index of recognized service areas, using a network

entity managing broadcasting within the WCS area.
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46. The method of claim 45, wherein preparing the service area index comprises
sorting the list of recognized service areas by a corresponding identifier to obtain a sorted list,
removing duplicate identifiers from the sorted list, numbering the sorted list using a sequence
of index numbers, and storing the sequence of index numbers for use in a service area index

for the recognized service areas.

47. The method of claim 41, further comprising determining, independently of
MBMS Single Frequency Network (MBSFN) service areas, sets of service identifiers for the
MBMS services to be broadcast in the WCS area, cach set indicating a group of MBMS

services to be transmitted on a respective one of the adjacent cells.

48. The method of claim 41, further comprising advertising a count of adjacent

cells that carry respective ones of the MBMS services.

49. The method of claim 48, further comprising hashing information mapping at
least one of the service identifiers to a corresponding one of the adjacent cells, using a hash
function operating on input parameters including the count of adjacent cells to provide the

data element as a hashed output.

50.  An apparatus for facilitating Multimedia Broadcast Multicast Service

(MBMS) discovery in a wircless communications system (WCS), the apparatus comprising:

means for transmitting a data element configured for a mobile entity within a
WCS area, the data element including service identifiers mapped to corresponding cell
identifiers to indicate respective MBMS services to be broadcast in the WCS area on adjacent

cells identified by respective ones of the cell identifiers; and

means for broadcasting the MBMS services within the WCS area using the

adjacent cells previously indicated in the data element.
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51. An apparatus for facilitating Multimedia Broadcast Multicast Service

(MBMS) discovery in a wireless communications system (WCS), comprising:

at least one processor configured for transmitting a data element configured
for a mobile entity within a WCS area, the data element including service identifiers mapped
to corresponding cell identifiers to indicate respective MBMS services to be broadcast in the
WCS area on adjacent cells identified by respective ones of the cell identifiers, and
broadcasting the MBMS services within the WCS area using the adjacent cells previously

indicated in the data element; and

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

52.  The apparatus of claim 51, wherein the processor is further configured for
providing a service area index to the mobile entity, indicating MBMS service areas supported

by at least one of a cell serving the mobile entity or a neighbor cell.

53. The apparatus of claim 52, wherein the processor is further configured for the
service area index in the data element with a service guide for transmission to the mobile
entity, wherein the service guide includes a unique service identifier for each MBMS service
in the MBMS service arcas, and the data element associates each unique service identifier

with a service area index for a corresponding one of the MBMS service areas.

54.  The apparatus of claim 53, wherein the processor is further configured for
generating information defining the data element including a service area index of recognized

service areas, using a network entity managing broadcasting within the WCS area.

55.  The apparatus of claim 54, wherein the processor is further configured for
preparing the service area index by sorting the list of recognized service areas based on a
corresponding identifier to obtain a sorted list, removing duplicate identifiers from the sorted
list, numbering the sorted list using a sequence of index numbers, and storing the sequence of

index numbers for use in a service area index for the recognized service areas.

56.  The apparatus of claim 51, wherein the processor is further configured for
determining, independently of MBMS Single Frequency Network (MBSFN) service areas,
sets of service identifiers for the MBMS services to be broadcast in the WCS area, cach set
indicating a group of MBMS services to be transmitted on a respective one of the adjacent

cells.
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57.  The apparatus of claim 51, wherein the processor is further configured for

advertising a count of adjacent cells that carry respective ones of the MBMS services.

58.  The apparatus of claim 57, wherein the processor is further configured for
hashing information mapping at least one of the service identifiers to a corresponding one of
the adjacent cells, using a hash function operating on input parameters including the count of

adjacent cells to provide the data element as a hashed output.

59. A computer-readable medium for facilitating Multimedia Broadcast Multicast
Service (MBMS) discovery in a wireless communications system (WCS), the computer-
readable medium comprising code executable by a processor for:

transmitting a data element configured for a mobile entity within a WCS area,
the data element including service identifiers mapped to corresponding cell identifiers to
indicate respective MBMS services to be broadcast in the WCS area on adjacent cells
identified by respective ones of the cell identifiers, and broadcasting the MBMS services

within the WCS area using the adjacent cells previously indicated in the data element.

60. A method for discovering Multimedia Broadcast Multicast Service (MBMS)

in a wireless communications system (WCS), the method comprising:
receiving a data element from a network entity within a WCS area, the data
element including service identifiers mapped to corresponding cell identifiers to indicate
respective MBMS services to be broadcast in the WCS area on one or more adjacent cells

that are identified by respective ones of the cell identifiers; and

discovering at least one of the MBMS services broadcast within the WCS area

on a corresponding one of adjacent cells, using the data clement.

61. The method of claim 60, further comprising receiving a service area index

indicating MBMS service areas supported by a serving base station.

62. The method of claim 61, further comprising receiving a second service area

index indicating MBMS service areas supported by a neighboring base station.
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63. The method of claim 61, further comprising receiving the service area index
included in the data element with a service guide, wherein the service guide includes a unique
service identifier for each MBMS service in the MBMS service areas, and the data element
associates each unique service identifier with a service area index for a corresponding one of

the MBMS service areas.

64. The method of claim 63, further comprising receiving an
MBSFNArealD/MBMS service arca map that maps MBMS Single Frequency Network
(MBSFN) area identifiers to the MBMS service areas from a network entity, and determining
a cell identifier for a desired one of the MBMS services, using the MBSFNArcalD/MBMS
service area map with information mapping the MBSFN area identifiers to base station

identifiers received from a base station.

65.  The method of claim 60, further comprising acquiring a program start time for

a desired MBMS service, using a service guide;

and scanning ones of the adjacent cells to detect the MBMS service, starting at

a time determined in relation to the program start time.

66.  The method of claim 60, wherein receiving the data element comprises
receiving at least one of sets of service identifiers for the MBMS services to be broadcast in
the WCS area from a network entity, each set indicating a group of MBMS services to be

transmitted on a respective one of the adjacent cells.

67.  The method of claim 66, wherein receiving the data element further comprises
receiving information mapping each of one or more sets of service identifiers to a respective

one of the adjacent cells from a base station.

68. The method of claim 67, further comprising determining a adjacent cell for the
at least one of the MBMS services, using the at least one of the sets of service identifiers and
the information mapping each of one or more sets of service identifiers to a respective one of

the adjacent cells.
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69.  An apparatus for discovering Multimedia Broadcast Multicast Service

(MBMS) in a wireless communications system (WCS), the apparatus comprising:

means for receiving a data element from a network entity within a WCS area,
the data element including service identifiers mapped to corresponding cell identifiers to
indicate respective MBMS services to be broadcast in the WCS area on one or more adjacent

cells that are identified by respective ones of the cell identifiers; and

means for discovering at least one of the MBMS services broadcast within the

WCS area on a corresponding one of adjacent cells, using the data element.

70.  An apparatus for discovering Multimedia Broadcast Multicast Service

(MBMS) in a wireless communications system (WCS), comprising:

at least one processor configured for receiving a data element from a network
entity within a WCS area, the data element including service identifiers mapped to
corresponding cell identifiers to indicate respective MBMS services to be broadcast in the
WCS area on one or more adjacent cells that are identified by respective ones of the cell
identifiers, and discovering at least one of the MBMS services broadcast within the WCS

area on a corresponding one of adjacent cells, using the data element; and

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

71.  The apparatus of claim 70, wherein the processor is further configured for
receiving a service area index indicating MBMS service areas supported by a serving base

station.

72.  The apparatus of claim 71, wherein the processor is further configured for
receiving a second service area index indicating MBMS service areas supported by a

neighboring base station.

73.  The apparatus of claim 71, wherein the processor is further configured for
receiving the service area index included in the data element with a service guide, wherein
the service guide includes a unique service identifier for cach MBMS service in the MBMS
service areas, and the data element associates each unique service identifier with a service

area index for a corresponding one of the MBMS service areas.
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74.  The apparatus of claim 73, wherein the processor is further configured for
receiving an MBSFNArealD/MBMS service area map that maps MBMS Single Frequency
Network (MBSFEN) area identifiers to the MBMS service areas from a network entity, and
determining a cell identifier for a desired one of the MBMS services, using the
MBSFNArealD/MBMS service area map with information mapping the MBSFN area

identifiers to base station identifiers received from a base station.

75.  The apparatus of claim 70, wherein the processor is further configured for

acquiring a program start time for a desired MBMS service, using a service guide;

and scanning ones of the adjacent cells to detect the MBMS service, starting at

a time determined in relation to the program start time.

76.  The apparatus of claim 70, wherein the processor is further configured for
receiving the data element comprises receiving at least one of sets of service identifiers for
the MBMS services to be broadcast in the WCS area from a network entity, each set
indicating a group of MBMS services to be transmitted on a respective one of the adjacent

cells.

77.  The apparatus of claim 76, wherein the processor is further configured for
receiving the data element by receiving information mapping each of one or more sets of

service identifiers to a respective one of the adjacent cells from a base station.

78.  The apparatus of claim 77, wherein the processor is further configured for
determining a adjacent cell for the at least one of the MBMS services, using the at least one
of the sets of service identifiers and the information mapping each of one or more sets of

service identifiers to a respective one of the adjacent cells.

32716-00057
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79. A computer-readable medium for discovering Multimedia Broadcast Multicast
Service (MBMS) in a wireless communications system (WCS), the computer-readable
medium comprising code executable by a processor for:

receiving a data element from a network entity within a WCS area, the data
element including service identifiers mapped to corresponding cell identifiers to indicate
respective MBMS services to be broadcast in the WCS area on one or more adjacent cells
that are identified by respective ones of the cell identifiers, and discovering at least one of the
MBMS services broadcast within the WCS area on a corresponding one of adjacent cells,

using the data element.
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600
\:\ FIG. 6
610

IDENTIFYING CANDIDATE TARGET BASE
STATIONS BASED ON EACH HAVING
PAGING SIGNAL STRENGTH AND SYSTEM
INFORMATION SIGNAL STRENGTH
SUFFICIENT TO SUPPORT CAMPING ON BY
THE MOBILE ENTITY IN IDLE MODE

v 620
PRIORITIZING THE CANDIDATE TARGET

BASE STATIONS IN A PRIORITY ORDER
BASED IN PART ON AN MBMS STATUS OF
THE MOBILE ENTITY AND ON MBMS
SERVICES SUPPORT BY RESPECTIVE ONES
OF THE CANDIDATE TARGET BASE
STATIONS

v 630

I~ "IN RESPONSE TO DETERMINING THAT !
| NONE OF THE CANDIDATE TARGET BASE :
:STATIONS SUPPORTS THE MBSFN SERVICE,

FOR THE MOBILE ENTITY, SELECTING A |
| TARGET BASE STATION THAT DOES NOT |
| SUPPORT THE MBSFN SERVICE FOR THE |
| MOBILE ENTITY |

____________________ 4
1 640

TRANSMITTING AN IDENTIFIER FOR THE
TARGET BASE STATION FROM THE
SOURCE BASE STATION, FOR USE IN
TRANSFERRING THE MBSFN SERVICE AND
UNICAST SERVICE TO THE TARGET BASE
STATION
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PRIORITIZING ONES OF THE CANDIDATE TARGET BASE
STATIONS BELONGING TO A COMMON MBSFN AREA WITH THE
SOURCE BASE STATION HIGHER IN THE PRIORITY ORDER
THAN ONES OF THE CANDIDATE TARGET BASE STATIONS
OUTSIDE OF THE COMMON MBSFN AREA

1 o

PRIORITIZING ONES OF THE CANDIDATE TARGET BASE
STATIONS BELONGING TO THE COMMON MBSFN AREA AND
HAVING NO RESERVED NEIGHBOR BASE STATIONS HIGHER IN
THE PRIORITY ORDER THAN RESERVED BASE STATIONS
BELONGING TO THE COMMON MBSFN AREA

l 1730

PRIORITIZING ONES OF THE CANDIDATE TARGET BASE
STATIONS BELONGING TO A COMMON MBSFN
SYNCHRONIZATION AREA WITH THE SOURCE BASE STATION
AND OUTSIDE THE COMMON MBSFN AREA LOWER IN THE
PRIORITY ORDER THAN THE ONES CANDIDATE TARGET BASE
STATIONS BELONGING TO THE COMMON MBSFN AREA AND
HIGHER THAN ONES OF THE CANDIDATE TARGET BASE
STATIONS OUTSIDE OF THE COMMON MBSFN
SYNCHRONIZATION AREA

{ 740

PRIORITIZING ONES OF THE CANDIDATE TARGET BASE
STATIONS OUTSIDE OF A COMMON MBSFN SERVICE AREA
WITH THE SOURCE BASE STATION LOWER IN THE PRIORITY
ORDER THAN ONES OF THE CANDIDATE TARGET BASE
STATIONS INSIDE OF THE COMMON MBSFN SERVICE AREA

' 750

PRIORITIZING ONES OF THE CANDIDATE TARGET BASE
STATIONS IN THE PRIORITY ORDER IN ORDER OF QUALITY OF
UNICAST SERVICE PROVIDED

FIG. 7
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800 — 8/39 /810

RECEIVING A SIGNAL FROM THE MOBILE ENTITY
INDICATING ONE OR MORE OF THE CANDIDATE
TARGET BASE STATIONS AS PREFERRED TARGET
BASE STATIONS

l Vs 820

PRIORITIZING THE PREFERRED TARGET BASE
STATIONS INDICATED BY THE SIGNAL FROM THE
MOBILE ENTITY HIGHER IN THE PRIORITY ORDER
THAN OTHERS OF THE CANDIDATE TARGET BASE

STATIONS

FIG. 8
910

SELECTING THE TARGET BASE STATION COMPRISING A
BASE STATION THAT DOES NOT SUPPORT THE MBSFN
SERVICE FOR THE MOBILE ENTITY

/915
ALT

R S N

SCHEDULING MBMS

920 —
TRANSMITTING BUFFERED MBMS

CONTENT TO THE TARGET BASE
STATION FOR UNICAST
TRANSMISSION TO THE MOBILE
ENTITY

930 ~ l

CONTENT FOR UNICAST
TRANSMISSION TO THE
MOBILE ENTITY

l 950

STOPPING TRANSMISSION OF
THE BUFFERED MBMS CONTENT
TO THE TARGET BASE STATION

IN RESPONSE TO A SIGNAL
INDICATING THE TARGET BASE
STATION IS RECEIVING THE
MBMS CONTENT FROM ANOTHER
SOURCE

HANDING THE UNICAST
TRANSMISSION OF MBMS
CONTENTS OVER TO THE

TARGET BASE STATION

900 )

FIG. 9
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SELECTING THE TARGET BASE STATION COMPRISING A
BASE STATION THAT SUPPORTS THE MBSFN SERVICE
FOR THE MOBILE ENTITY, WHEREIN THE SOURCE BASE
STATION DOES NOT SUPPORT THE MBSFN SERVICE
FOR THE MOBILE ENTITY AND IS PROVIDING MBMS
CONTENT TO THE MOBILE ENTITY BY UNICAST
TRANSMISSION

l /1 020

HANDING THE MOBILE ENTITY TO THE TARGET BASE
STATION USING A UNICAST MOBILITY PROCEDURE

l /1 030

STOPPING UNICAST TRANSMISSION OF THE MBMS
CONTENT FROM THE TARGET BASE STATION, AFTER A
PERIOD SUFFICIENT TO ENABLE TO MOBILE ENTITY TO

ACQUIRE MCCH SIGNALS FROM THE TARGET BASE

STATION FOR DECODING MBMS CONTENT ON MBSFN
SUBFRAMES

FIG. 10
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~1102

COMPONENT FOR

IDENTIFYING A PLURALITY OF
CANDIDATE TARGET BASE
STATIONS BASED ON EACH

HAVING PAGING SIGNAL
STRENGTH AND SYSTEM
INFORMATION SIGNAL
STRENGTH SUFFICIENT TO
SUPPORT CAMPING ON BY
THE MOBILE ENTITY IN IDLE
MODE

C1106

- 1

COMPONENT FOR IN I

RESPONSE TO DETERMINING

THAT NONE OF THE
CANDIDATE TARGET BASE
STATIONS SUPPORTS THE
MBSFN SERVICE FOR THE

MOBILE ENTITY, SELECTING
A TARGET BASE STATION
THAT DOES NOT SUPPORT
THE MBSFN SERVICE FOR
THE MOBILE ENTITY

PCT/US2012/029540

1100

—~1112

1104

COMPONENT FOR
PRIORITIZING THE
CANDIDATE TARGET BASE
STATIONS IN A PRIORITY
ORDER BASED IN PART ON
AN MBMS STATUS OF THE
MOBILE ENTITY AND ON
MBMS SERVICES SUPPORT
BY RESPECTIVE ONES OF
THE CANDIDATE TARGET
BASE STATIONS

-~ 1108

COMPONENT FOR
TRANSMITTING AN
IDENTIFIER FOR THE
TARGET BASE STATION
FROM THE SOURCE BASE
STATION, FOR USE IN
TRANSFERRING THE MBSFN
SERVICE AND UNICAST
SERVICE TO THE TARGET
BASE STATION

_________ it

I
----- 1 TRANSCEIVERE
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/1210

FIG. 12

RECEIVING A SIGNAL FROM THE SOURCE
BASE STATION DESIGNATING A TARGET
BASE STATION

Y 1220

COMPLETING A HANDOVER TO THE
TARGET BASE STATION

¢ 1230

RECEIVING MBMS CONTENT FROM THE
TARGET BASE STATION IN A UNICAST
TRANSMISSION FOR AT LEAST AN INITIAL

PERIOD

1310\

RECEIVING MBMS CONTENT IN
MULTICAST TRANSMISSIONS
FROM THE SOURCE BASE
STATION, PRIOR TO COMPLETING
THE HANDOVER

1320

RECEIVING MBMS CONTENT
IN UNICAST TRANSMISSIONS
FROM THE SOURCE BASE
STATION, PRIOR TO
COMPLETING THE
HANDOVER

v

1200

1330 l

CONTINUING TO RECEIVE THE
MBMS CONTENT FROM THE
TARGET BASE STATION IN
UNICAST TRANSMISSIONS

1300 —J

FIG. 13

] 1340

ACQUIRING MCCH SIGNALS
FROM THE TARGET BASE
STATION FOR DECODING MBMS
CONTENT ON MBSFN
SUBFRAMES

v 1350

RECEIVING MBMS CONTENT
FROM THE TARGET BASE
STATION IN MULTICAST
TRANSMISSIONS, AND
DECODING THE MBMS
CONTENT USING INFORMATION
FROM THE ACQUIRED MCCH
SIGNALS
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1400
1402
COMPONENT FOR RECEIVING
A SIGNAL FROM THE SOURCE | 1412
BASE STATION DESIGNATING
A TARGET BASE STATION 1404
1406 COMPONENT FOR
- COMPLETING A HANDOVER

—| TO THE TARGET BASE

COMPONENT FOR RECEIVING STATION

MBMS CONTENT FROM THE
TARGET BASE STATION IN A
UNICAST TRANSMISSION FOR
AN INITIAL PERIOD

_________ Vs _1_4: 10

_______________ | jm——mmmmmm e ————
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( 1416 [~ 1: TRANSCEIVER:
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13/39 1510

COMPLETING A HANDOVER PROCEDURE
INITIATED BY THE MOBILE ENTITY AT THE
FIG. 15 TARGET BASE STATION

+ 1520

TRANSMITTING MBMS CONTENT FROM THE
TARGET BASE STATION IN A UNICAST
TRANSMISSION TO THE MOBILE ENTITY
FOR AN INITIAL PERIOD

1610 ~

RECEIVING BUFFERED MBMS

CONTENT FROM THE SOURCE

BASE STATION FOR UNICAST
TRANSMISSION TO THE MOBILE

ENTITY

v

1620 |

1500 |
l 1630

ACQUIRING THE MBMS
CONTENT FROM A NETWORK
NODE OTHER THAN THE
SOURCE BASE STATION FOR
CONTINUING THE MBSFN
SERVICE IN UNICAST
TRANSMISSIONS AFTER THE
INITIAL PERIOD

MULTICASTING MCCH SIGNALS
FROM THE TARGET BASE STATION
FOR DECODING MBMS CONTENT
ON MBSFN SUBFRAMES

1600—/‘

l 1640

STOPPING UNICAST
TRANSMISSION OF THE MBMS
CONTENT FROM THE TARGET

BASE STATION, IN RESPONSE TO
DETERMINING THAT THE INITIAL
PERIOD ENABLING THE MOBILE
ENTITY TO ACQUIRE THE MCCH

SIGNALS HAS ELAPSED

1650 ~ +

FIG. 16

TRANSMITTING THE MBMS
CONTENT TO THE MOBILE ENTITY
USING MULTICAST
TRANSMISSION, AFTER THE
INITIAL PERIOD
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1700

1702

COMPONENT FOR
COMPLETING A HANDOVER

| ~1712
1704

COMPONENT FOR
TRANSMITTING MBMS
CONTENT FROM THE

TARGET BASE STATION IN A

PROCEDURE INITIATED BY
THE MOBILE ENTITY AT THE
TARGET BASE STATION

_______________

_______________

UNICAST TRANSMISSION TO
THE MOBILE ENTITY FOR AN
INITIAL PERIOD

_________ T
1TRANSCEIVER E

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

FIG. 17
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FIG. 18

RECEIVING, AT A BASE STATION OF THE WIRELESS
1800 —» COMMUNICATION SYSTEM, A MESSAGE FROM THE
MOBILE ENTITY INCLUDING INFORMATION FOR
1810— PROVIDING TO AN ADMINISTRATIVE NETWORK NODE
FOR USE IN MBMS SERVICE ACCOUNTING

+ 1820

: OBTAINING AN MBMS STATUS OF THE MOBILE

ENTITY FROM THE MESSAGE FOR USE BY THE
BASE STATION

FIG. 19 1900 — A 1910

RECEIVING A COUNTING RESPONSE MESSAGE REPORTING
AT LEAST ONE OF AN MBMS SERVICE THE MOBILE ENTITY IS
RECEIVING OR IS REQUESTING

l ~1920

RECEIVING A REGISTRATION MESSAGE IDENTIFYING AN
MBMS SERVICE THE MOBILE ENTITY IS REGISTERING FOR

l 1930

RECEIVING A DE-REGISTRATION MESSAGE IDENTIFYING AN
MBMS SERVICE THE MOBILE ENTITY IS DE-REGISTERING

l 1940

RECEIVING AN ACTIVATION MESSAGE IDENTIFYING AN MBMS
SERVICE THE MOBILE ENTITY 1S ACTIVATING

v 1950

RECEIVING A DE-ACTIVATION MESSAGE IDENTIFYING AN
MBMS SERVICE THE MOBILE ENTITY IS DE-ACTIVATING
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FIG. 20

2010

OBTAIN

READING THE MESSAGE AT THE BASE STATION TO

THE MBMS STATUS

2000 ~_ >

'

2020

MANAGING SERVICE CONTINUITY FOR THE MBMS
SERVICE TO THE MOBILE ENTITY AT THE BASE
STATION, USING THE MBMS STATUS

/21 02

COMPONENT FOR
RECEIVING, AT A BASE

[ 2112 2100

STATION OF THE WIRELESS
COMMUNICATION SYSTEM, A
MESSAGE FROM THE MOBILE

ENTITY INCLUDING
INFORMATION FOR
PROVIDING TO AN
ADMINISTRATIVE NETWORK
NODE FOR USE IN MBMS
SERVICE ACCOUNTING

_________ _(__2_1—10

_______________

_______________

2104

COMPONENT FOR
OBTAINING AN MBMS
STATUS OF THE MOBILE
ENTITY FROM THE
MESSAGE FOR USE BY THE
BASE STATION

_________ .2
TRANSCEIVER i
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2210

BROADCASTING SIB13 SIGNALS FOR MCCH
ACQUISITION, FOR USE BY ONE OR MORE MOBILE
ENTITIES TO DECODE MBMS SIGNALS FROM NON-
RESERVED BASE STATIONS WITHIN RADIO RANGE

!

2220

SENDING PDCCH SIGNALS FOR MCCH CHANGE

NOTIFICATION
2302
COMPONENT FOR —2312 2300
BROADCASTING SIB13
SIGNALS FOR MCCH 2304

ACQUISITION, FOR USE BY
ONE OR MORE MOBILE
ENTITIES TO DECODE MBMS
SIGNALS FROM NON-
RESERVED BASE STATIONS
WITHIN RADIO RANGE

]
| PROCESSOR +
}

_______________

_______________

COMPONENT FOR SENDING
PDCCH SIGNALS FOR MCCH
CHANGE NOTIFICATION

]
ITRANSCEIVER |
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FIG. 24 2400~
/241 0

RECEIVING, AT A MOBILE ENTITY OF THE WIRELESS
COMMUNICATION SYSTEM, A MESSAGE FROM A
SERVING BASE STATION

¢ 2420

OBTAINING MBMS SUPPORT INFORMATION FOR
NEIGHBOR BASE STATIONS FROM THE MESSAGE

FIG. 25 2500 — "\
/251 0

SELECTING A PREFERRED BASE STATION FOR MBMS
SERVICE, USING THE MBMS SUPPORT INFORMATION
FOR NEIGHBOR BASE STATIONS

l 2520

TRANSMITTING AN IDENTIFIER FOR THE PREFERRED
BASE STATION TO A SERVING BASE STATION FOR
USE IN SUPPORTING SERVICE CONTINUITY
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2610

RECEIVING THE MESSAGE ON A BROADCAST
CONTROL CHANNEL (BCCH)

l

2620

AT LEAST ONE OF

DETERMINING, FOR THE NEIGHBOR BASE STATIONS,

INDICATOR, MBSFN SYNCHRONIZATION AREA
IDENTIFIER, MBSFN SERVICE IDENTIFIER, AND A
MBSFN AREA IDENTIFIER FROM THE BCCH MESSAGE.

AN MBMS SERVICE SUPPORT

2702

COMPONENT FOR
RECEIVING, AT A MOBILE

| 2712 2700

2704

ENTITY OF THE WIRELESS
COMMUNICATION SYSTEM, A
MESSAGE FROM A SERVING

BASE STATION

COMPONENT FOR
OBTAINING MBMS SUPPORT
INFORMATION FOR
NEIGHBOR BASE STATIONS
FROM THE MESSAGE

[ ——

]
| PROCESSOR
}

_______________

_______________
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M2 Setup Request:

PCT/US2012/029540

Direction: eNB — MCE

IE/Group Name Presence Range IE type and Semantics
reference description
Message Type M 9.2.1.1
Global eNB ID M 9.2.1.10
eNB Name o} Printable
String
(1..150...)
eNB MBMS Configuration 1
data per cell
>eNB MBMS 1to
Configuration data Item <maxnoofCells>
IEs
>>eNB MBMS M 9.21.12
Configuration data ltem
Range bound Explanation
maxnoofCells Maximum no. of cells thatmay be served by an eNB. The value for
maxnoofCells is 256.
Global eNB ID:
IE/Group Name Presence Range IE type and Semantics description
reference
PLMN Identity M 9.23.7
CHOICE eNB ID M
>Macro eNB ID BIT STRING | Equal to the 20 leftmostbits of
(20) the Cell identity IE contained in
the E-UTRAN CGI IE (see
section 9.2.1.11) of each cell
served by the eNB

FIG. 34B

MCCH related BCCH Configuration Item:

IE/Group Name Presence Range IE type and Semantics description
reference
E-UTRAN CGI M 9.2.1.11
MBSFN Synchronisation M INTEGER The MBSFN Synchronisation
Area Id (0..65535) | Area
MBMS Service Area List 1
>MBMS Service Area 1to
Item <maxnoofMBMSS
erviceAreasPerCe
>
>>MBMS Service Area M OCTET Value part coded per MBMS
STRING Sernvice Area AVP.
Range bound Explanaﬂon
mamnoofMBMSServiceAreasPerCell Meximum no. of Service Areas per cell. The value for
mexnoofMBMSServiceAreasPerCellis 256

FIG. 34C E-UTRAN CGiI:

IE/Group Name Presence Range IE type and Semantics description
reference
PLMN Identity M 9.2.3.7
Cell Identity M BIT STRING | The 20 leftmost bits of the Cell
(28) Identity correspond to the eNB
ID (Global eNB ID |E defined
in section 9.2.1.10).
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M2 SETUP RESPONSE: Direction: MCE -> eNB

IE/Group Name Presence Range IE type and Semantics
reference description
Message Type M 92.1.1
Global MCE ID M 9.2.1.16
MCE Name (0] Printable
String
(1..150....)
MCCH related BCCH 1
Configuration data per
MBSFN area
>MCCH related BCCH 1to
Configuration data ltem <maxnoofMBSF
IEs Nareas>
>> MCCH related M 9.2.1.13
BCCH Configuration
ltem
Global MCE ID
IE/Group Name Presence Range IE type and Semantics description
reference
PLMN Identity M 8
MCE ID M OCTET
STRING(SIZ
E(2))

FIG. 35B

MCCH related BCCH Configuration Iltem

IEEGroup Name Presence Range IEtype and Semantics description
reference

MBSFN Area M INTEGER | The same encoding as the
(0..255) mbsfn-Areald.

PDCCH Length M ENUMERAT | This IE is encoded along the
ED (s1, number of OFDM symbols for
$2,...) PDCCH as of table 6.7-1. in

[12].
Repetition Period M ENUMERAT | The same encoding as the
ED(rf32, mecch-RepetitonPeriod in
164, rf128, | mech-Config as specffied in
f256) [11]
Offset M INTEGER | The same encoding as the
(0..10) mcch-Offset in mech-Config
as specified in [11]
Modification Period M ENUMERAT | The same encoding as the
ED (rf512, mcch-ModificationPeriod in
£1024) mcch-Config as specffied in
[11]
Subframe Allocation Info M BIT STRING | The same encoding as the sf
(SIZE(B)) Allocinfo speciied in [11]
Modulation and Coding M ENUMERAT | The same encoding as the
Scheme ED (n2, n7, | signallingMCS specffied in
n13 n19) | [11]
Cell Inform ation List 0.1
>Cell Information 1to
<maxnoofCells>
>>E-UTRAN CGI M 11
>>Cell Reservation Info | M ENUMERAT
ED
(reservedCel
l
nonReserve
dcell, ...)

Ranhge bound Explanation

maxnoofCells Maximum no. of cells thatmaybe served by an eNB. The value for

maxnoofCells is 256.
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FIG. 36

MBMS Session Start Request: Direction: MCE-> eNB

Direction: MCE — eNB.

IE/Group Name Presence Range IE type and Semantics description
reference
Message Type M 9.2.11
MCE MBMS M2 AP ID M INTEGER (0
.. 2%4-1)
TME M 9.2.3.3
MBMS Session Identity (0] OCTET Coded same wayas the
STRING MBMS Session Identity IE.
(SIZE (1))
MBMS Service Area M OCTET Value part coded per
STRING MBMS Service Area AVP.
TNL Information 1
>|P Multicast Address M OCTET The Radio Network Layer
STRING is not supposed to
(4..186) interpret the address
information. It should pass
it to the transport layer for
interpretation
>|P Source Address M OCTET The Radio Network Layer
STRING is not supposed to
4..16) interpret the address
information. It should pass
it to the transport layer for
interpretation
>GTP DL TEID M GTP-TEID
OCTET
STRING (4)
The TMGI uniquely identifies the MBMS Bearer Service.
IE/Group Name Presence Range IE type and Semantics description
reference
TMG
>PLMN identity M 9.2.3.7
>Service ID M OCTET
STRING
(SIZE (3))
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3700 FIG. 37A
’—; 3702

TRANSMITTING A DATA ELEMENT CONFIGURED FOR A
MOBILE ENTITY WITHIN A WCS AREA, THE DATA ELEMENT
INCLUDING SERVICE IDENTIFIERS MAPPED TO
CORRESPONDING CELL IDENTIFIERS TO INDICATE
RESPECTIVE EMBMS SERVICES TO BE BROADCAST IN THE
WCS AREA ON ADJACENT CELLS IDENTIFIED BY
RESPECTIVE ONES OF THE CELL IDENTIFIERS

l 3704

BROADCASTING THE EMBMS SERVICES WITHIN THE WCS
AREA USING THE ADJACENT CELLS PREVIOUSLY INDICATED
IN THE DATA ELEMENT

3705
~a 3706

PROVIDING A SERVICE AREA INDEX TO THE MOBILE
ENTITY, INDICATING EMBMS SERVICE AREAS
SUPPORTED BY AT LEAST ONE OF A CELL SERVING
THE MOBILE ENTITY OR A NEIGHBOR CELL

APPENDING THE INDEX IN PROVIDING A SECOND SERVICE
SYSTEM INFORMATION AREA INDEX TO THE MOBILE
BLOCK (SIB) 13 ENTITY INDICATING MBMS
SERVICE AREAS SUPPORTED

BY AN ADJACENT CELL THAT IS
NOT SERVING THE MOBILE
ENTITY

FIG. 37B
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3715
FIG. 37C {

3712

INCLUDING THE SERVICE AREA INDEX IN THE DATA
ELEMENT WITH A SERVICE GUIDE FOR
TRANSMISSION TO THE MOBILE ENTITY, WHEREIN
THE SERVICE GUIDE INCLUDES A UNIQUE SERVICE
IDENTIFIER FOR EACH EMBMS SERVICE IN THE
EMBMS SERVICE AREAS, AND THE DATA ELEMENT

PCT/US2012/029540

ASSOCIATES EACH UNIQUE SERVICE IDENTIFIER
WITH A SERVICE AREA INDEX FOR A
CORRESPONDING ONE OF THE EMBMS SERVICE
AREAS

3714

TRANSMITTING THE
SERVICE AREA INDEX IN
EMBMS USER SERVICES
SESSION DESCRIPTION
METADATA TOGETHER

WITH ITS ASSOCIATED
UNIQUE SERVICE
IDENTIFIER

3716

MAPPING MBSFN AREA
IDENTIFIERS TO THE EMBMS
SERVICE AREAS TO OBTAIN AN
MBSFN-AREA-ID/EMBMS SERVICE
AREA MAP

l 3718

PROVIDING THE MBSFN-AREA-ID/
EMBMS SERVICE AREA MAP TO
THE MOBILE ENTITY

l 3720

PROVIDING INFORMATION TO
THE MOBILE ENTITY
MAPPING THE MBSFN AREA
IDENTIFIERS TO CELL
IDENTIFIERS
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FIG.3TD 2T

GENERATING INFORMATION DEFINING THE DATA
ELEMENT, USING A NETWORK ENTITY MANAGING
BROADCASTING WITHIN THE WCS AREA

l _— 3724
PREPARING A SERVICE AREA INDEX OF RECOGNIZED
SERVICE AREAS
l _— 3726

SORTING THE LIST OF RECOGNIZED SERVICE AREAS BY A
CORRESPONDING IDENTIFIER TO OBTAIN A SORTED LIST,
REMOVING DUPLICATE IDENTIFIERS FROM THE SORTED
LIST, NUMBERING THE SORTED LIST USING A SEQUENCE
OF INDEX NUMBERS, AND STORING THE SEQUENCE OF
INDEX NUMBERS FOR USE IN A SERVICE AREA INDEX FOR
THE RECOGNIZED SERVICE AREAS

3730
/

FIG. 37E RECEIVNG A REQUEST FROM THE MOBILE ENTITY
' REQUESTING A CHANGE OF SERVICE TO A
NEIGHBORING BASE STATION

l — 3732
SELECTING ONE OF THE ADJACENT CELLS TO

PROVIDE WIRELESS SERVICE TO THE MOBILE
ENTITY, USING THE DATA ELEMENT, IN RESPONSE
TO THE REQUEST

l . 3734

FACILITATING A TRANSFER TO THE SELECTED
ADJACENT CELL

3735 —»
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FIG. 37F 3745 ’\'

_— 3740

DETERMINING, INDEPENDENTLY OF MBSFN AREAS, SETS
OF SERVICE IDENTIFIERS FOR THE EMBMS SERVICES TO
BE BROADCAST IN THE WCS AREA, EACH SET
INDICATING A GROUP OF EMBMS SERVICES TO BE
TRANSMITTED ON A RESPECTIVE ONE OF THE
ADJACENT CELLS

l — 3742

PROVIDING THE SETS OF SERVICE IDENTIFIERS TO THE
MOBILE ENTITY USING A SERVICE ANNOUNCEMENT
PROCEDURE

l — 3744

PROVIDING ONE OR MORE OF THE SETS OF SERVICE
IDENTIFIERS FOR ONE OR MORE OF THE ADJACENT
CELLS TO A BASE STATION SERVICING THE MOBILE

ENTITY

l — 3746

PROVIDING INFORMATION MAPPING EACH OF THE ONE
OR MORE SETS OF SERVICE IDENTIFIERS TO ITS
RESPECTIVE ONE OF THE ADJACENT CELLS FROM THE
BASE STATION TO THE MOBILE ENTITY
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3755 3 FIG. 37G

3750
/—

ADVERTISING A COUNT OF ADJACENT CELLS THAT
CARRY RESPECTIVE ONES OF THE EMBMS
SERVICES

l S~ 3752

HASHING INFORMATION MAPPING AT LEAST ONE
OF THE SERVICE IDENTIFIERS TO A
CORRESPONDING ONE OF THE ADJACENT CELLS,
USING A HASH FUNCTION OPERATING ON INPUT
PARAMETERS INCLUDING THE COUNT OF
ADJACENT CELLS TO PROVIDE THE DATA
ELEMENT AS A HASHED OUTPUT

l o 3754

HASHING THE INFORMATION USING A SERVICE
IDENTIFIER AS AN ADDITIONAL ONE OF THE INPUT
PARAMETERS, TO PROVIDE THE HASHED OUTPUT

FROM WHICH AT LEAST ONE OF THE ADJACENT

CELLS USED FOR TRANSMITTING THE SERVICE
IDENTIFIER CAN BE DETERMINED BY THE MOBILE

ENTITY
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~3802 3800

COMPONENT FOR
TRANSMITTING A DATA
ELEMENT TO A MOBILE —~3812

ENTITY WITHIN A WCS AREA,

4
THE DATA ELEMENT 390
INCLUDING SERVICE |
IDENTIFIERS MAPPED TO
CORRESPONDING CELL COMPONENT FOR
IDENTIFIERS TO INDICATE BROADCASTING THE EMBMS
RESPECTIVE EMBMS SERVICES WITHIN THE WCS
SERVICES TO BE AREA USING THE ADJACENT
BROADCAST IN THE WCS CELLS PREVIOUSLY
AREA ON ADJACENT CELLS INDICATED IN THE DATA
IDENTIFIED BY RESPECTIVE ELEMENT
ONES OF THE CELL
IDENTIFIERS
e 3810
{ PROCESSOR f------ 3814
L T PN AU
"""""""" ' | I NETWORK |
e 123810 | _INTERFACE
1
i MEMORY  §------
§ VEVORY [ SE——— 3818
------ i TRANSCEIVER|

FIG. 38
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FIG. 39A 3002

RECEIVING A DATA ELEMENT FROM A NETWORK ENTITY
WITHIN A WCS AREA, THE DATA ELEMENT INCLUDING
SERVICE IDENTIFIERS MAPPED TO CORRESPONDING CELL
IDENTIFIERS TO INDICATE RESPECTIVE EMBMS SERVICES
TO BE BROADCAST IN THE WCS AREA ON ONE OR MORE
ADJACENT CELLS THAT ARE IDENTIFIED BY RESPECTIVE

ONES OF THE CELL IDENTIFIERS

l 3904

DISCOVERING AT LEAST ONE OF THE EMBMS SERVICES
BROADCAST WITHIN THE WCS AREA ON A CORRESPONDING
ONE OF ADJACENT CELLS, USING THE DATA ELEMENT

3905

3906

RECEIVING A SERVICE AREA INDEX INDICATING
EMBMS SERVICE AREAS SUPPORTED BY A
SERVING BASE STATION

¢ 3908

RECEIVING THE SERVICE AREA INDEX IN EMBMS
USER SERVICES SESSION DESCRIPTION METADATA
TOGETHER WITH ITS ASSOCIATED UNIQUE SERVICE

IDENTIFIER

l 3910

DETERMINING A CELL IDENTIFIER FOR A DESIRED
ONE OF THE EMBMS SERVICES, USING THE
SERVICE AREA INDEX

! 3912

RECEIVING A SECOND SERVICE AREA INDEX
INDICATING EMBMS SERVICE AREAS SUPPORTED
BY A NEIGHBORING BASE STATION TO THE MOBILE
ENTITY
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3915
FIG. 39C .

3914

RECEIVING THE SERVICE AREA INDEX INCLUDED IN THE
DATA ELEMENT WITH A SERVICE GUIDE, WHEREIN THE
SERVICE GUIDE INCLUDES A UNIQUE SERVICE IDENTIFIER
FOR EACH EMBMS SERVICE IN THE EMBMS SERVICE
AREAS, AND THE DATA ELEMENT ASSOCIATES EACH
UNIQUE SERVICE IDENTIFIER WITH A SERVICE AREA INDEX
FOR A CORRESPONDING ONE OF THE EMBMS SERVICE
AREAS

/3916 /\ /3918

RECEIVING THE SERVICE
AREA INDEX IN EMBMS RECEIVING AN MBSFN-AREA-|D/
USER SERVICES SESSION EMBMS SERVICE AREA MAP THAT
DESCRIPTION METADATA MAPS MBSFN AREA IDENTIFIERS
TOGETHER WITH ITS TO THE EMBMS SERVICE AREAS
ASSOCIATED UNIQUE FROM A NETWORK ENTITY
SERVICE IDENTIFIER |

| 3920

DETERMINING A CELL IDENTIFIER FOR A DESIRED ONE OF THE
EMBMS SERVICES, USING THE MBSFN-AREA-ID/EMBMS SERVICE
AREA MAP WITH INFORMATION MAPPING THE MBSFN SERVICE
AREA IDENTIFIERS TO BASE STATION IDENTIFIERS
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3925 g ACQUIRING A PROGRAM START TIME FOR A

DESIRED EMBMS SERVICE, USING A SERVICE
FIG. 39D GUIDE

¢ 3924

SCANNING ONES OF THE ADJACENT CELLS TO
DETECT THE EMBMS SERVICE, STARTING AT A TIME
DETERMINED IN RELATION TO THE PROGRAM
START TIME

¥ 3926

RECEIVING THE EMBMS SERVICE FROM AN
ADJACENT BASE STATION TRANSMITTING THE
DESIRED EMBMS SERVICE USING ONE OF A CELL
RESELECT PROCEDURE OR A HANDOVER
PROCEDURE, IN RESPONSE TO DETECTING THE
EMBMS SERVICE TRANSMITTED FROM THE BASE
STATION

3935 ~
3930

RECEIVING THE DATA ELEMENT COMPRISES RECEIVING AT LEAST
ONE OF SETS OF SERVICE IDENTIFIERS FOR THE EMBMS
SERVICES TO BE BROADCAST IN THE WCS AREA FROM A

NETWORK ENTITY, EACH SET INDICATING A GROUP OF EMBMS
SERVICES TO BE TRANSMITTED ON A RESPECTIVE ONE OF THE
ADJACENT CELLS

v 3932

RECEIVING INFORMATION MAPPING EACH OF ONE OR MORE SETS
OF SERVICE IDENTIFIERS TO A RESPECTIVE ONE OF THE
ADJACENT CELLS FROM A BASE STATION

l 3934

DETERMINING A SIGNAL CARRIER FOR THE AT LEAST ONE OF THE
EMBMS SERVICES, USING THE AT LEAST ONE OF THE SETS OF
SERVICE IDENTIFIERS AND THE INFORMATION MAPPING EACH OF
ONE OR MORE SETS OF SERVICE IDENTIFIERS TO A RESPECTIVE
ONE OF THE ADJACENT CELLS

FIG. 39E
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FIG. 39F
3945 g -3940

RECEIVING AN ADVERTISED COUNT OF ADJACENT
CELLS THAT CARRY RESPECTIVE ONES OF THE
EMBMS SERVICES

l 3942

PROCESSING A HASH OUTPUT RECEIVED FROM A NETWORK
ENTITY, TO OBTAIN INFORMATION MAPPING AT LEAST ONE OF
THE SERVICE IDENTIFIERS TO A CORRESPONDING ONE OF
THE ADJACENT CELLS, USING A REVERSE HASH FUNCTION
OPERATING ON INPUT PARAMETERS INCLUDING THE COUNT
OF ADJACENT CELLS TO OBTAIN THE INFORMATION

l 3944

PROCESSING THE HASH OUTPUT TO OBTAIN THE
INFORMATION USING A SERVICE IDENTIFIER AS AN
ADDITIONAL ONE OF THE INPUT PARAMETERS, TO

DETERMINE AT LEAST ONE OF THE ADJACENT CELLS
USED FOR TRANSMITTING THE SERVICE IDENTIFIER

3955 ’\
3950

INCLUDING A SERVICE IDENTIFIER FOR A DESIRED
ONE OF THE EMBMS SERVICES IN A REQUEST FOR
CHANGE OF SERVICE TO A NEIGHBORING BASE
STATION

l 3952

INCLUDING A CELL IDENTIFIER FOR A DESIRED ONE OF
THE ADJACENT CELLS IN A REQUEST FOR CHANGE OF
SERVICE TO A NEIGHBORING BASE STATION

FIG. 39G
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4002

COMPONENT FOR RECEIVING A
DATA ELEMENT FROM A
NETWORK ENTITY WITHIN A WCS
AREA, THE DATA ELEMENT
INCLUDING SERVICE IDENTIFIERS
MAPPED TO CORRESPONDING
CELL IDENTIFIERS TO INDICATE
RESPECTIVE EMBMS SERVICES
TO BE BROADCAST IN THE WCS
AREA ON ONE OR MORE
ADJACENT CELLS THAT ARE
IDENTIFIED BY RESPECTIVE ONES

OF THE CELL IDENTIFIERS

4000

4012
4004

COMPONENT FOR DISCOVERING
AT LEAST ONE OF THE EMBMS
SERVICES BROADCAST WITHIN

THE WCS AREA ON A
CORRESPONDING ONE OF
ADJACENT CELLS, USING THE

DATA ELEMENT

|
...... I TRANSCEIVER|

FIG. 40
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