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1 Introduction

The intention is this contribution is to present the overall concept of MBMS and give a better understanding how MBMS bearers will be used. When designing services, it is not always necessary and not always efficient to use MBMS bearers for the service offerings. In roaming cases, it is typically more efficient to use unicast bearers for service delivery, since only a low receiver population is expected in the foreign network. Generally, unicast bearers should be used when the receiver population does not justify the use of MBMS. Note that unicast bearers are anyhow used for associated procedures such as file repair or security. Further note, that the Radio Access Network will offer MBMS over Single-Frequency Networks (MBSFN) and Single-Cell transmission modes in LTE. The MBMS Single Cell transmission will also efficiently support small UE populations per cell (similar to the MBMS Broadcast with Counting Mode). 
MBMS is split into the MBMS bearer Service and MBMS User Service. MBMS Multicast and Broadcast Modes allow an efficient usage of radio resources by considering the number of receivers per cell. If there is no receiver in a cell, the MBMS Service is only announced on the notification channel. If there is only a small registered terminal population in the cell, the MBMS data may be transferred using point-to-point radio bearers. If a sufficient number of receivers are located in the cell, the MBMS data may be offered using point-to-multipoint radio bearers.

The MBMS User Service is defines Service Layer components, which use one or more MBMS bearers and other unicast bearers sequentially or simultaneously. The MBMS User Services are defined in TS 26.346 and include a streaming and a download delivery method. The streaming delivery method may be used for Mobile TV Type of Services whereas the Download Delivery Method is used for “Download and Play” services. 
Figure 1 depicts a conceptual functional architecture of MBMS Service Layer and bearers. It is intended to show the usage of different bearer services from a single Service Layer. 
The MBMS box includes all bearer layer MBMS functionality from the gateway to the radio access network. The user plane interface is an (optionally evolved) MBMS specific Gi reference point. The ctrl plane interface is an optionally evolved Gmb interface. IP Multicast may be used for efficient transport in the core-network.
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Figure 1: Separation of MBMS Service Layer and Bearer Layers

The unicast box includes all bearer layer unicast functions. The unicast ctrl plane (if present) may be used for session and QoS control of the unicast bearer. A more detailed view on the architecture is presented in S2-072544.
The MBMS Service Layer partly overlaps with OMA BCAST specifications. The BCAST Content Delivery Protocols for File and Stream delivery are harmonized with the MBMS Streaming and Download Delivery Methods (see TS 26.346 and BCAST’s “MBMS adaptation specification”). OMA BCASTs adds an ESG/EPG data model, which is used to render an Electronic Service/Program Guide (i.e. Service Announcement information) on the Mobile Terminal and advances the security framework (the BCAST Smart Card profile is based on the GBA based MBMS Security procedures – see 33.246). BCAST also adds “Interactivity Support” to enable e.g. Voting type of services. The BCAST specification does not define any Multimedia Codec (audio, video, etc) or any FEC code.
Mobile Broadcast Services or MBMS User Services typically use MBMS bearer and other UMTS bearers. Interactive unicast bearers are used for Security registrations and key retrieval. Further, one file repair procedure mode (to increase reliability of download method) uses interactive unicast bearers. Since Release 7, it is also possible to run entire MBMS User Services on interactive or streaming services. Prime use-case are roaming scenarios, where the foreign network does either not have MBMS capabilities or does not allow usage of MBMS Bearer services for roaming users (e.g. anyhow too low foreign user density to justify MBMS usage). Another use-case for unicast service delivery might be to limit the MBMS Service Area in order to save capacity in the MBMS notification channel (MCCH). 

In the following, we describe the principles of a “Hybrid” Mobile TV and a Podcast Service and their usage of MBMS bearer and unicast bearers.

2 Hybrid Mobile TV Service
Several mobile operators have launched MobileTV services already today. Those services - although traditionally delivered over broadcast are offered over unicast today. The underlying technology is packet-switched on-demand streaming (PSS) as defined by 3GPP TS 26.234. This approach supports an unlimited number of channels and radio resources are only consumed if a user is actively watching. The main drawback is, that unicast does not scale well with the number of simultaneously active users.
The channel popularity distribution of Mobile TV channels might be similar as known from home TV scenarios. There, each TV channel creates a different interest, depending on the time of the day. Typically, there are only a very low number of TV channels, which are of high interest. The remaining channels are still selected and watched. 
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Figure 2: Mobile TV Channel Popularity
Figure 2 depicts a channel-popularity distribution and also a bearer mapping suggestion. The most attractive channels are offered using MBSFN (Multicast Transmission Mode). Due to the high attractiveness, a certain number of interested terminals are present in almost each SFN cell. 

MBMS Single Cell transmission is used for less attractive channels. The MBMS Single Cell transmission mode gives the eNB the possibility to take a fine grain decision based on the actual number of active UEs in the cell/area (similar to MBMS Multicast or Broadcast with Counting Modes). It may become likely, that MBSFN is not efficient anymore due to high percentage of “empty” cells (i.e. MBMS transmission, although not receiver this or neighboring cell) or the SFN must be re-configured too often (growing or shrinking the SFN area). 

The remaining channels, which are likely of low popularity, are offered using unicast using e.g. Packet Switched Streaming (PSS). Good channel switching performance between “unicast” channels becomes possible with the PSS Release 7 enhancements.
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Figure 3: Architecture (simplified)

Figure 2 depicts an architecture (simplified), which allows a service provision using unicast and MBMS bearers. The number of offered channels is shown for clarification. The input to the system is a set of Mobile TV channels. A “channel replicator” function replicates the flows for unicast and for MBMS service provision. Only a subset of the available Mobile TV channel feeds is offered using MBMS (only those of likely high popularity). The RAN determines, which of the channels to map on PTP or PTM radio bearers, base on the result of the MBMS Counting mechanism.  
Packet Switching Streaming (PSS) can be used to offer all mobile TV channels. Terminals shall not use PSS in areas, where the selected channel is offered using MBMS.

Note, MBMS GW and PDN GW are not necessarily different nodes. However, they are described separately for time being to avoid confusion.
3 Podcasting
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Podcasting has become a rather popular service on the internet. A huge variety of Audio, Video and Text Podcasting feeds exist (e.g. see http://www.podcast.net/). A number of established media companies like CNN.com or BBC offer Audio, Video and news feedas for their readers. 

PodCast applications use RSS-techniques to virtually push content down to the podcaster application. “Virtually” because a periodic HTTP pull scheme is used. The Podcast client (aka Podcatcher) pulles e.g. every 10 minutes an XML file from a server. The URL to the XML file is called “RSS-Feed” or Podcast-Feed. The content of the XML file is formated according to the RSS standard and is updated by the server whenever new content is available.

The PodCatcher parses the RSS data structure and looks for new item entires. The actual content is stored in the item entiry data structures. The Podcatcher checks with its own databases, whether or not the item is already available. If not, the Podcaster stores the item and pulls optionally referenced enclosures (in case of Podcast feeds the enclosure references an audio or video file). This procedure is repeated for all items in the RSS file. Typically there are between 5 and 20 items in an RSS. File. 

Some Mobile phones already implement Podcatcher or RSS reader applications. So far, these applications can only handle text bases RSS feeds (such as news feeds). However, with increasing multimedia capabilities, will soon be able to fetch and process audio (e.g. mp3 encoded audio) and even video Podcasts (H.264 encoded video). 
Mobile Networks offer several alternatives to improve the delivery of PodCast Feeds. Some are depicted below. The Download method of MBMS offers a viable alternative to delivery highly attractive PodCast feeds to users using radio and core-network resource efficiently. A “Mobile Podcast” server may offer a number of Podcast feeds. Highly attractive feeds are distributed using MBMS Download. Other feeds are distributed using other unicast bearer services. Even using WAP Push allows transmission resource savings since it implements a real Push transmission scheme (SMS is used as indication, that new items are available in the RSS file).
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Figure 5: Delivery options
4 Summary and Conclusion 

The intention of this contribution is to present overall possibilities of mobile broadcast service offerings and to give a better understanding on how to use MBMS bearers in combination with unicast bearers. The principle of hybrid service offering (i.e. Unicast and MBMS) is clarified with a Mobile TV and a PodCast Service use case. Details on the MBMS architecture and a text proposal to 23.401 is included in S2-072544.
It is proposed to consider, that the service layer will not only use of unidirectional point-to-multipoint bearers for service offerings. Unicast bearers are typically used simultaneously with MBMS bearers for associated functions like security. Unicast bearers may also be used for actual content transfer if UE are camping out-side of an MBMS service area. Or unicast bearers may be included in the actual service offering to include not so attractive services in the offering.

It is also intended to show the relation between bearer service and service layer (i.e. MBMS User Service) functions. SA2 is typically focusing on Bearer Services whereas SA3, SA4 and OMA are typically focusing on service layer aspects. 
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