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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

MooD is about enabling the setup of an MBMS user service on the fly and seamlessly migrating an existing service to an MBMS user service, about judging a unicast service to see if it would be better served by broadcast or unicast, and about enabling an MBMS Broadcast Session for an ongoing MBMS User Service where previously there was none active.

Specifically, MooD will investigate and specify enabling a BM-SC to convert a non-MBMS unicast service as an MBMS User Service (already available in TS 26.346 [2]), and distributing the USD describing the aforementioned MBMS User Service to interested UEs. Only services that can be expressed as an MBMS User Service can be converted (i.e. RTP, DASH, file download including PSS Progressive Download).

In addition, MooD will look into methods that may be able to determine or assist in determining the consumption of a service, and look into elements that may be able to be decision-makers on determining UC/BC transmission. The level of specification of this aspect is TBD. MooD will also work towards enable a USD to add an MBMS download or streaming session to an existing MBMS user service if uptake is high.

It should be noted that MooD will investigate the level of MooD support for UEs supporting pre-R12 MBMS. MooD shall support at least MBMS Broadcast. Support of MBMS Multicast is FFS and is considered lower priority.

1
Scope

The present document covers:

· Use cases on the dynamically establishment of MBMS User Services to offload unicast delivery of certain contents, either real-time or non-real-time based, which reach a certain traffic volume due to the popularity of those contents.

· Use cases for terminating a previously established MBMS User Service due to subsequentl decrease in its consumption.

· Functional requirements on the BM-SC and UE to support on-demand MBMS.

· Gap analyses in the existing TR 26.346 specification for supporting the requirements for MooD operation.

· Network architecture model of the functional entities and their interactions in the delivery of content over unicast and MBMS bearers in the context of MooD.

· Message sequence diagrams illustrating examples of MooD operation.

· Description of solution frameworks that enable MooD operation, including configuration data, necessary interaction between BM-SC and UE to activate or trigger the MBMS client for reception of anewly-established MBMS User Service, and the reporting of ongoing consumption of the MBMS service to enable measurement of ongoing demand for that service.    




2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 26.346: "Multimedia Broadcast/Multicast Service (MBMS); Protocols and codecs".

[3]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[4]
3GPP TS 33.246: "3G Security; Security of Multimedia Broadcast/Multicast Service (MBMS)".
[5]
3GPP TS 23.246: "Multimedia Broadcast/Multicast Service (MBMS); Architecture and functional description".
3
Definitions, symbols and abbreviations

3.1
Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [3] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [3].

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

<ACRONYM>
<Explanation>

4
MBMS operation on Demand (MooD)

4.1
Introduction
4.2
Use Cases, Recommended Requirements, Gap Analysis and Working Assumptions

4.2.1
Use Cases
4.2.1.1
Use Case #1: Demand-based eMBMS for Real-Time (RT) Content

Sports action and news content provider “SportsWorld” makes its online multimedia sports programming and news service, by the same name, available over the Internet (a.k.a. ‘Over-the-Top’ or OTT).  LTE unicast access to the service is offered in the country of Slobovia by its mobile network operator “SloWireless”.  For the 2014 FIFO Global Cup Football championship game, the team from Transmania is disqualified right before the game due to the discovery of widespread substance abuse among its team members, and is replaced by the team from Slobovia.  The associated live coverage of the game on SportsPlus becomes wildly popular in Slobovia.  Two days later, SportsWorld provides a breaking news story that the Slobovian players are actually robots instead of humans, again attracting a large number of Slobovians to access the SportsWorld site via their smartphones to follow the news developments.
SloWireless, which also provides eMBMS services, incurs a high and sustained level of traffic on its LTE unicast network to/from the SportsWorld site due to these events.  Such high traffic volume not only stresses the capacity of its unicast network, it also impairs the overall user experience due to more frequent stalls during content reception, which is also of concern to the content provider.  Fortunately, SloWireless is capable of detecting dynamic OTT traffic increase over its unicast network to any external site, and has the means to dynamically provision an eMBMS service for unicast traffic offloading.  It also has a business agreement with SportsWorld to configure demand-based eMBMS service as necessary.
4.2.1.2
Use Case #2: Demand-based eMBMS for Non-Real-Time (NRT) Content

SportsWorld, the aforementioned sports news provider, also publishes RSS (“RDF Site Summary” or “Really Simple Syndication”,  a.k.a.’podcast’) feeds covering different categories of sports news, interviews, highlights and other information.  Due to the popularity of the recent Slobovian Football team incidents aired by this sports service, subscriptions to SportsWorld podcasts increase dramatically.  It would be more efficient for the high volume of such RSS content delivery over the unicast network of SloWireless to be delivered over broadcast/eMBMS bearer.  SportsWorld has a business relationship with SloWireless, for which the subscription events to the various RSS feeds offered by SportWorld are measured and shared between the two companies.  Upon reaching a certain threshold for a given RSS feed, the mobile operator will dynamically provision an eMBMS download delivery service to deliver the RSS content according to a broadcast schedule.

4.2.1.3
Use Case #3: Demand-based deactivation of eMBMS service

A couple weeks after the Slobovian Football team escapades, sports fans in the country start to lose interest in on Slobovian Football news.  Significant drop-off is detected in user access to the SportsWorld site over the recently provisioned eMBMS service by SloWireless.  The operator decides that it’s no longer beneficial for overall network utilization to maintain a dedicated eMBMS broadcast of the SportsWorld service.  In accordance with business terms formerly agreed with SportsWorld, it deactivates this eMBMS service and the associated network capacity is re-allocated for carriage of unicast traffic.
4.2.1.4
Use Case #4: Operator Control of eMBMS operation on Demand, Live Streaming Service Support
In a shopping mall, many users are watching live program ‘Joking time’ with DASH, the cell which covers the shopping mall, is highly congested. New passengers coming to the shopping mall have the hard time to access the internet. Many UEs accessing DASH streaming are also eMBMS capable.
The congestion situation alerts the operator attention. The network communicates with the UE to receive the DASH streaming content over MBMS bearer and broadcast the live streaming content over MBMS bearer. Per interaction with the network, the MBMS user service subscription is activated and eMBMS capable UEs switch to eMBMS system and the congestion in the cell is mitigated.
When the live ‘Joking time’ is ongoing, some of users quit the program. Just few users are still watching the program. At this moment, live ‘breaking news’ is on the air; many users click the link and starting watching ‘breaking news’.  The cell is becoming congested again. The network knows that the number of viewers of ‘Joking time’ is less than the number of views of ‘breaking news’, it decides to terminate the ‘Joking time’ over MBMS bearer and broadcast the ‘breaking news’ over MBMS bearer. UEs quit the ‘Joking time’ MBMS user service and continue ‘Joking time’ over DASH. The viewers of ‘breaking news’ can receive ‘breaking news’ over MBMS bearer. The cell congestion is avoided with dynamic MBMS user service update.
4.2.1.5
Use Case #5: Content Aggregation

An operator provides a service with many TV live channels based on DASH. Actually the operator acts as an aggregator for content producers and content consumers.  The TV channels include services of personalized reporters, local news, many small production feeds. Channels may be referenced through social networks and occasionally such channels get popular over time and the popularity decreases again. The popularity may results from recommendations on social sites, so the uptake is happening gradually. Also popularity may be different in certain regions. The operator wants to ensure that in these high-demand cases all MBMS-capable devices can consume these qualifying services with high-quality without disturbing the user experience which includes seamless service, availability of time-shift buffering, additional views and components of the channel and possibly other features. The service provider wants to deliver such popular services in a radio efficient manner.

4.2.2
Recommended Requirements & Evaluation Criteria
4.2.2.1
General

Recommended requirements on functionality/capabilities to support the agreed use cases for MI-MooD are as follows:

· The BM-SC is able to provision a demand-based eMBMS service in substitution of, or in addition to, unicast delivery of the same service/content.

· The BM-SC, upon having dynamically transitioned the unicast service to an MBMS User Service, may offer service delivery over unicast bearers only, over MBMS bearers, or over both bearer types.
· The BM-SC is capable, in a scalable manner, of providing indication to the UE of each service that is eligible to be switched between a non-MBMS unicast service and an MBMS User Service.

· Upon obtaining awareness of low attachment rate/volume to broadcast delivery of an existing MBMS User Service, the BM-SC can deactivate the MBMS User Service.
· Upon obtaining awareness of low attachment rate/volume to broadcast delivery of an existing MBMS User Service, the BM-SC can restrict to unicast-only delivery mode of the MBMS User Service.
NOTE: 
It should be verified from RAN2 whether the unicast bearer only delivery mode of a dynamically established MBMS User Service will present adverse effect on overall RAN efficiency in serving nominal unicast traffic.  In addition, it would be desirable to identify the benefits of retaining an MBMS User Service for unicast-only delivery when demand for such service has decreased below a preset threshold.
4.2.2.2
UE-Supported Operation

The following recommended requirements are proposed for the solution that will be specified in TS 26.346 [2]:

1. The solution for a potential MBMS user service provides the necessary signalling as identified in the gap analysis above.

2. The solution for the potential MBMS user service provides a scalable solution, both in terms of number of Potential MBMS User Services and in terms of UEs involved when operating in unicast mode and in broadcast mode.

3. The solution for the potential MBMS user service provides the ability that the uplink resources are used efficiently.
4. The solution for the potential MBMS user service provides the ability that the amount of downlink resources are used efficiently.

5. The solution for the potential MBMS user service takes into account relevant regulatory and privacy issues
6. The solution for a potential MBMS user service reuses existing MBMS features to the extent possible, including features developed in other work items during Rel-12 such MI-EMO.

7. The solution for a potential MBMS user service reuses existing features such as common web technologies and HTTP features to the extent possible.

8. The solution for the potential MBMS user service minimises the impact for the user when migrating from a potential MBMS user service to an MBMS user service.

9. The solution for the potential MBMS user service provides the ability to run the MBMS user service as broadcast only mode as well as for a broadcast and unicast mode.

10. The solution for the potential MBMS user service is at least enables for DASH over MBMS as well as MBMS download delivery services that may be augmented by associated delivery procedures providing repair through regular HTTP servers.

11. The solution for the potential MBMS user service does not require changing the formats of the potential MBMS user service when moving the service to an MBMS user service, , e.g. no transcoding to MBMS User service formats is required.
12. The solution for the potential MBMS user service operates with minimum processing overhead for the BMSC and other network components.

13. The solution for the potential MBMS user service is efficient in terms of overhead, network usage, and UE battery consumption.
4.2.3
Gap Analysis & Evaluation
4.2.3.1
General

This section describes the deficiencies in the existing TS 26.346 [2] for supporting the recommended requirements listed in Section 3.

4.2.3.1.1
Dynamic and Demand-based MBMS User Service Establishment
No description or even mention exists in TS 26.346 [2] regarding dynamic and demand-based provisioning of MBMS services.  Up to now, it is assumed that MBMS User Services are either provisioned statically by the service provider (e.g. a mobile network operator), or variably over time but which do not rely on real-time demand-based measurement of such content consumption via unicast bearers, for dynamic conversion to delivery over MBMS bearers.  Similarly, TS 26.346 [2] does not contain normative description of the means for the network to inform the UE of the eligibility of unicast services for MBMS user service conversion, nor how the UE currently consuming the unicast service might be able to indicate to the network regarding its capability, or lack of such, capability for receiving the service over broadcast.

4.2.3.1.2
Dynamic and Demand-based MBMS User Service Termination
No description or even mention exists in TS 26.346 [2] regarding dynamic and demand-based termination of MBMS services.  While TS 26.346 [2], along with the MBMS Security specification, TS 33.246 [4], define the MBMS User Service deregistration procedure, resulting in service deactivation from the UE perspective, nothing is said in either document about the termination of an ongoing MBMS User Service from the network's perspective.  For example, such network-initiated MBMS User Service termination could be triggered by the network's detection that a certain threshold, set by the service provider/network operator, of MBMS user service deregistration events has been exceeded, or that some form of network-based counting of actual content consumption goes below a certain minimum level.
4.2.3.1.3
Dynamic Conversion from Unicast to Broadcast Delivery
There is no description in TS 26.346 [2] on the technical means for the service provider, upon detection of sufficiently high rate/volume of unicast access to the same content or service in a common geographical area, by multiple UEs, to consequently convert, in a dynamic fashion, such unicast service to an MBMS user service for broadcast delivery.

4.2.3.2
UE-Supported Operation
The following gaps are determined:

1. The ability that the BMSC informs MBMS-capable UEs about the Potential MBMS User Service, in a scalable manner. The information may be done in one or more of the following manners:

a. through a static configuration, e.g. the UEs are configured such that certain services are always potential MBMS User services

b. through device management, for example an operator may configure UEs dynamically such that certain services are MBMS user services

c. through the use of MBMS user service, for example to use a specific USD that announces the service as a specific MBMS user service

2. The ability that the UE continuously informs the BM-SC about the consumption of the Potential MBMS User Service possibly enhanced with location/consumption metadata, in a scalable manner. This may be done by one or of the following ways:

a. the UE registers directly for the service and uses a specific API/protocol to keep the BMSC informed

b. by the use of specific HTTP requests that are generated according to the configuration, e.g. to a specific proxy, potentially enhanced with query parameters or cookies.

3. The establishment and announcement of an MBMS User service to the MBMS-capable UEs that are currently consuming the service or MBMS-capable UEs that are joining the Potential MBMS user service once the MBMS user service is already established. This may be done by one or of the following ways:

a. Sending a USD to MBMS-capable UEs on a preconfigured API/protocol that is defined in the configuration

b. Sending a USD as part of the service distribution, either as part of the service protocol or as part of the formats

4. The ability that the UE continuously informs the BMSC about the consumption of the UE in a scalable manner. This may be done by similar means as defined in bullet point 2. This includes also the ability that the UE may signal the termination of the service.
4.2.4
Assumptions

The following assumptions pertain to dynamic switching between unicast and broadcast delivery modes of an MBMS User Service:

· Business agreements enable the operator to convert the various content feeds from unicast to broadcast delivery upon high demand of a nominal unicast content/service.
· The operator wants to accurately count the consumption of the service taking into account the UE capabilities, the location of the UE, and the actions of the user such as time-shift and so on.
4.3
Architecture
Figure 1 shows a high level MooD architecture. Upon the BM-SC’s determination of high attachment rate of a unicast service, it activates an eMBMS user service to carry the same content over the MBMS bearer. This conversion is illustrated by the unicast service whose transport is shown by the blue, red or orange colored line to an MBMS user service carried on the MBMS bearer as shown by the green-colored line. 
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Figure 1: High-level MooD architecture

4.4
Message Flows

4.4.1
High-Level Call Flow for UE-Supported MooD Operation
Figure 1 provides a call flow for the case where the UE supports MooD operation in a sense that the MBMS-capable UEs "inform" the BMSC about the consumption of the service and the BMSC is central to making MooD operation decisions.

The physical implementation of the BMSC may be distributed, e.g. using a proxy server for scalable distribution of the unicast content. However, in the context of this document, the focus is on logical entities that are established in the 3GPP architecture and under control of SA4.
For the purpose of the call flow, the following is defined:

Potential MBMS User Service: A Non-MBMS User Service that may potentially be migrated to an MBMS User Service.

NOTE:
In the call flow below, it is expected that the MI-MooD WI will require defining new normative signaling at least pertaining to the steps highlighted in italics.  In addition, in a more refined version of this call flow, the MBMS-capable UE may be split into an MBMS UE and an Application Client.
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Figure 2: High-Level Call Flow for UE-Supported MooD Operation
1. The content server offers a service. The BMSC is made aware that this service is a Potential MBMS User Service 

2. The BMSC informs MBMS-capable UEs about the Potential MBMS User Service

3. The MBMS-capable UE initially and continuously informs the BMSC about the consumption of the Potential MBMS User Service, possibly enhanced with location/consumption metadata. Sending this information is an implicit consent of the UE to migrate to the MBMS User service. This may be done in one or more of the following manners:

· By direct registration for the service

· By indirect registration using the regular data requests

NOTE: Scalability needs to be taken in account for the mechanism used to inform the BM-SC of the UE's consumption of the Potential MBMS User Service

4. Based on the information from the registration and/or other information the BMSC continuously considers whether the service should be migrated to an MBMS User Service 

5. The UE requests data for the Potential User Service in one of the following manners

· directly to the content server

· using the BMSC as a proxy for the request and the BMSC forwards the requests to the content server. 
6. The UE receives the service as a regular unicast service.

7. At some point in time the BMSC may decide to initiate an MBMS User service for Potential MBMS User service. 

8. The BMSC establishes an MBMS User Service with broadcast mode and informs the MBMS-capable UEs that are consuming service about this.

9. The BMSC fetches the content from the Content Server and distributes it as MBMS User service.

10. The BMSC starts distributing the content as MBMS User Service, typically with broadcast mode enabled

11. The UE joins the MBMS user service and receives the content through MBMS user service.
12. The UE starts consuming content received through MBMS User Service
13. The UE continuously informs (taking account scalability) the BMSC about the consumption of the service, and also provides deregistration of the service.
NOTE: Scalability needs to be taken in account for the mechanism used to inform the BM-SC of the UE's consumption of the MBMS User Service

14. Based on the information from the registration and/or other information the BMSC may decide to terminate the MBMS User service.

15. The BMSC informs the UEs consuming the MBMS User Service about the termination.

16. The UE leaves the MBMS User service

17. The UE informs the BMSC that it has left the MBMS User service

18. The UE starts requesting data of the Potential MBMS User Service through unicast. The options are the same as in 3. 

19. The BM-SC terminates the MBMS User service and continuous to provide the Potential MBMS User Service 

4.4.2
Call Flow (From BC to UC)
Note that in the Figure 3 call flow below, it is expected that the MooD WI will require defining normative new signalling at least for the steps highlighted in italics.
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Figure 3: Switching from BC to UC
In step 1 to 5 the UE consumes content as a regular MBMS user service. The service may have initially been a non-MBMS user service.

1. The application requests content that is available through an MBMS user service

2. The UE has access to the USD which indicates that MBMS user service is available over both UC and BC delivery. The USD may indicate that the MBMS user service is only available via BC by not including UC channel related information. 
3. The UE informs the BM-SC that it wishes to acquire the MBMS user service. Detailed signalling is TBD. For example, this may be achieved by MBMS user service registration for which the UE obtains the service key (MSK) if service protection is enabled as specified in TS 26.346 [2]. Note that it is not clearly indicated in TS 26.346 [2] whether the semantics of MBMS user service registration refers to the device’s consumption intent, or merely its intent to be registered for the service to obtain all necessary information. Therefore, other signalling than the MBMS registration may be necessary. See step 6.

4. The UE detects that it is in broadcast coverage and enters BC access mode.

5. The content is received over MBMS bearer. 

The remaining steps now support the MOOD aspects, namely to enable to turn an MBMS user service into a non-eMBMS user service. 

6. Procedures on the operation of the service are collected. These may be, but are not limited to 

· MCE counting procedures.  

· BM-SC-based counting procedures based on registration/de-registration or other means.
· other operational aspects, e.g. the popularity of this MBMS user service or other non-MBMS services.  For detailed discussion on this matter also refer to section 4.4.1.
7. At some point based on the collection of information, the BM-SC decides to switch from BC to UC delivery based on counting, registration/deregistration information, or other information (for example, a preconfigured timer expires).

8. The BM-SC indicates that the MBMS transmission is about to stop. The details are TBD. As an example:

· The BM-SC updates the USD;
· The BM-SC uses the in-band Schedule Fragment to indicate the end of MBMS transmission. 

9. The UE detects that the MBMS broadcast delivery session is about to end based on updated USD and/or in-band Schedule Fragment Info.

10. The UE establishes RRC connections before MBMS broadcast delivery session end time.

11. The UE establishes PDN connection if needed.
12. The BM-SC performs MBMS broadcast delivery session stop procedures as specified in TS 23.246 [5]. 

13. The BM-SC updates the USD to indicate that the MBMS user service is only available over UC.  Alternatively, the MBMS user service is terminated by the BM-SC by removing the service from the USD. The details are TBD.

14. The UE enters UC mode.

15. The UE get contents over the unicast.
4.4.3
Switching from non-eMBMS UC to eMBMS BC
4.4.3.1
Description

In switching from non-eMBMS UC to eMBMS BC, it is assumed that the BM-SC determines (e.g. it has detected or is informed of the occurrence of) high attachment to a non-eMBMS service. The BM-SC then activates eMBMS transmission of the service, and subsequently switches content delivery from UC delivery to BC delivery.  

The scenario is based on the following assumptions:

Business agreements enables the operator to convert the various content feeds from unicast to broadcast delivery upon high demand of a nominal unicast content/service.
4.4.3.2
Call Flow (Network Redirection Based Solution)
This solution assumes that when the device application starts with a non-eMBMS unicast service, the eMBMS client is not activated. The eMBMS client will be activated based on network redirection which triggers the UE to acquire the USD either through UC or BC. The network redirection can be HTTP/RTSP redirection or can be other signaling sent from a network entity (for example, using OMA Push). In the call flow presented here, the BM-SC converts a non-eMBMS UC to eMBMS user service (see Figure 1).

Note that in the call flow below, it is expected that the MooD WI will require defining normative new signalling at least for the steps highlighted in italics.
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Figure 1 Switching from non-eMBMS UC to BC (Network-based solution Approach)
1. The application requests a content item. 

2. The UE requests the content item via a service through unicast. The subsequently established OTT (Over the Top) or PSS over the unicast is ongoing.
3. The BM-SC decides to switch from non eMBMS unicast to eMBMS transmission for the service. For example, this can be based on information on event or detection on high rate attachment on non eMBMS unicast service. The BM-SC can also consider the UE’s UC to MBMS switching capability if that UE capability is known to the BM-SC. 

4. The BM-SC provides a USD including information that the eMBMS service is available over both UC and BC. The user service may include BC and UC related information, or BC information only. If the BM-SC has already established eMBMS session for USD (i.e., USD Broadcast Channel), the BM-SC can send updated USD over that broadcast channel; otherwise, the BM-SC can establish eMBMS session for updated USD (not shown in the call flow) or include USD update in the UC to BC switching trigger later (see Step 7). The non-terminating arrow indicates that the BM-SC makes the USD available by any means, e.g. broadcast or unicast.
5. The BM-SC sets up an MBMS session as specified in TS 23.246 [5]. This step can be performed in parallel with step 4.

6. The eNB applies radio resource configuration and sends updated SIB13 and SIB15 if needed. The eNB perform MCCH change notifications to inform all UEs of the presence of the eMBMS service.
7. Once the MBMS session has been established, a trigger is provided to UEs consuming the non-eMBMS service on the availability of a MBMS User Service for the service. This step may include UC to BC switching trigger or UC to BC switching trigger plus USD update. The detail method is TBD. 
8. The trigger results that the UE may activate the MBMS client, if the UE has the proper capabilities.
9. The UE initiates service discovery procedures to receive USDs through the broadcast channel if available or through the unicast bearer otherwise. Once the UE has received the USD, is in coverage, and is consuming the service, the UE switches from UC to BC reception.
10. If the UE has not registered with the newly-established MBMS service and USD indicates that service registration is required, the UE performs MBMS service registration and obtain the service key if service protection is enabled. 

11. From the information received from SIB15 over the air and USD from the BM-SC, if the corresponding MBMS service is transmitted on a different frequency, the UE sends the ‘MBMSInterestIndication’ message to indicate the interested frequency.  The eNB then hands over the UE to the proper frequency. The UE subsequently updates system information from the SIB sent on the new frequency.

12. The BM-SC gets content, for example, from the content server or PSS server. This step may occur any time after Step 5.

13. The BM-SC sends that content over the MBMS bearer.

14. The unicast connection is torn down if there is no other unicast service. 
5
…
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…
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