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1 Introduction

The IEEE 802.21-2008 published standard provides a media independent solution for handovers between bidirectional technologies but it does not address the case when a unidirectional (i.e. downlink only) type of technology is involved in the handover.
Downlink-only (DO) technologies such as Digital Video Broadcasting and Next Generation Handheld (DVB/NGH), Digital Multimedia Broadcasting (DMB) and Media Forward Link Only (MediaFLOTM) are becoming more widespread in use. There is therefore a need to support optimized handovers between these technologies and other technologies already supported by IEEE 802.21-2008. 
The 802.21b Task Group will address these issues by providing an amendment to the IEEE 802.21-2008 specification with the missing functionalities to support handovers with broadcast technologies.

The present document describes the use cases that will be addressed by the group, as well as the set of requirements and considerations that future technical proposals should address.

1.1 Terminology

· Content Aggregator – An organization which assembles a sequence of events or programs to be delivered to the viewer, e.g. BBC, CBC, ABC, KBS, etc.
· Network – This is the technology used to connect the mobile user, e.g. 802.11 (Wi-Fi), 802.16 (WiMAX), Cellular, Digital Video Broadcasting and Next Generation Handheld (DVB/NGH), Digital Multimedia Broadcasting (DMB) and Media Forward Link Only (MediaFLOTM)
· Program – A specific instance of a certain content, e.g. chapter 2 of a TV series
· Service – A sequence of programs under the control of a Content Aggregator, e.g. BBC One, BBC Two, etc.

1.2 Broadcast Service Network 

Broadcast networks are usually comprised of different components, which may vary from one implementation to another (e.g. OMA BCAST, IP Datacast, etc). In this document, a generic view is provided with the main elements of a hybrid broadcast and mobile architecture. 

The following figure depicts the main elements of a Hybrid Broadcast and Mobile Architecture.
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Figure 1: Generic Hybrid Broadcast and Mobile Architecture
Content creation is the main source of contents, and it also provides the base material for content descriptions (e.g. media type, codec, etc.). The Content/Service Distribution can perform the aggregation and delivery of contents and their metadata, as well as the media encoding. The Service Management can provide the service guide provisioning, aggregation of Electronic Service Guide (ESG), security/service protection provision and the management of user access to service applications. The Media Independent Function (MIHF) in the mobile provides the direct local interfaces to the different links or radio access technologies, whereas the MIHF in the network or Point of Service (PoS) can be attached to either the Content/Service Distribution or Service Management and provide the required services to allow transferring a session from one radio access network to another.

Since not all radio access technology networks are tightly coupled, there are missing functionalities when a particular session is to be transferred from one network to another. Although there are many layers involved in transferring the session, 802.21b will address the missing functionalities at the lower layers (i.e. below layer 3) that are required to perform this session transfer in a seamless manner.
In this case, 802.21b can enhance the session handover by providing the missing functionalities in the MIHF blocks.

2 Scope

The scope of this document is to describe usage scenarios, considerations and potential high-level approaches for the following 802.21b topics:
1. Broadcast-related signaling for handover optimization
2. MIH-level interface definitions

3. Link-level interface definitions
3 Handover Types

There are several ways in which a handover sequence can take place. In general, handovers can be considered as one of the following types: Network-assisted Handover (NAH), Network-controlled Handover (NCH), or Mobile-controlled Handover (MCH).

NAH are the handovers where the decision is taken at the mobile node with assistance from the network. In this case there is a PoS providing services to the mobile node, but a handover command is not necessarily sent from the network. An example of this type of handovers is when a mobile node performs an information service request when reaching a new location area, and based on the information service response it realizes that there is a better radio access network in the new location. The mobile node can then locally perform a handover based on the new information received from the network.

NCH are the handovers where the handover decision is taken at the network side. In this case the network will send an explicit handover command to the mobile node, and the mobile node will then perform the handover process. An example of a NCH can be for instance when the decision to perform load-balancing is taken at the network side and then mobile nodes are forced to handover from the high load network to the low load network.

MCH are the types of handovers where the handover decision is taken locally at the mobile node. In this case there is little or no 802.21 signaling involved with the network and the existence of a PoS is optional. One example of MCH can be when a mobile node detects that a signal level is rapidly decreasing and it then immediately initiates the attachment with the target network.

3.1 Network assisted handover

In this case, some static parameters such as policy information are provided based on location from the network side. 

Considerations:

· Network discovery may be needed

· Information service can use Push mechanism on DO technology

· Information services for DO technologies or enhancements to existing bidirectional technologies may be needed
· A bidirectional technology can be used to provide more granularity in the location information as compared to simply using the DO technology

3.2 Network controlled handover

3.2.1 Handover from DO to Bidirectional

This scenario can be divided into two sub scenarios: in the first one a DO technology service provider has some information about the listeners of its services through another bidirectional technology, whereas in the second one it does not have any information. 

In the first case, the possible triggers to a handover are the same as we would have for bidirectional technologies. In the second case, the trigger can only be at the network side, which for instance might be a decision for canceling a service due to resource management issues.

Considerations:

· Network discovery may be needed

· The user is only listening to the DO technology
· Handover commands and information can be sent over this DO network
· Network selection may be user or network-based
· Means to perform resource management at the target network may be needed 
· Determination of the number of listeners and required resources
· Target network selection can be mobile-based or network-based 
· If there is a bidirectional channel there can be a message exchange between the DO network provider and the mobile for deciding on the new Point of Attachment (PoA)
· The target network might provide the program as unicast or multicast

· The same procedures in terms of getting relevant addresses and multicast joins explained for mobile initiated handover apply also for this case
· In case of bidirectional communication, 802.21 can be used for candidate network and PoA selection
· Information Service can use Push mechanism on DO technology
· Information Services for supporting DO technologies or enhancements to existing bidirectional technologies may be needed
· A bidirectional technology can be used to provide more granularity in the location information as compared to simply using the DO technology

3.2.2 Handover from Bidirectional to DO 

For this scenario triggers are similar to the ones involved in the common bidirectional handover scenario. 
Considerations:

· Network discovery may be needed

· Service or program discovery may be required at the target network

· Mobile reporting about the available services

· Network can provide service availability based on mobile geo-location

· In case the service is not available in the target network initialization of the service at the DO side may be required

· In case the service is available at the target DO network
· Information may be required to perform network-specific actions, e.g. successful frequency tuning

· Security (e.g. service authentication/authorization) may or may not be needed

· Additional information relevant to DO technology stream must be given in the primitives, similar to the case for mobile initiated handover
3.3 Mobile controlled handover

3.3.1 From DO to Bidirectional 

Based on different triggers such as signal quality, power consumption, or service availability, the mobile node may decide to transfer a session from a DO to a bidirectional technology. 

Considerations:

· Network discovery may be needed

· The target network might provide the program as unicast or multicast

· The program may or may not be available at the target network before the handover takes place
· Information Service can use Push mechanism on DO technology

· Definition of Information services for DO technologies or enhancements to existing bidirectional technologies may be needed
· A bidirectional technology can be used to provide more granularity in the location information as compared to simply using the DO technology

· Event services may be needed for monitoring DO technology behavior, link up and down detection, etc.

· Command services may be needed for setting up the new link, media independent scan for new links, etc.

· Means for discovering program availability at the target network to allow for service continuity may be needed
· Discovering

· Indexing / Bookmarking

· Information service can be used to identify a program
· If program is not available and IP multicast is used, multicast join request can be sent prior to IP assignment

3.3.2 From Bidirectional to DO 

Network triggers at the bidirectional side as it exists currently in IEEE 802.21-2008 may provide the means to handover a session from bidirectional to DO. Some of these triggers are: signal quality, price, QoS, etc.

Considerations:

· Network discovery may be needed

· Service and program discovery may be needed at the target network

· In case the program is not available at the target network
· Initialization of the program at the DO network may be required

· In case the program is available at the DO network
· Information may be required to perform network-specific actions, e.g. successful frequency tuning
· Security (e.g. service authentication/authorization) may or may not be needed

· Information service can provide information relevant to programs available at the DO network
· Information required to receive this program can be sent to the DO technology

4 Use Cases

4.1 Coverage extension
In this case coverage extension refers to the case when a coverage area for a service provided by a certain DO or broadcast technology (e.g. DVB / DMB / MediaFLO) is to be extended to a wider area by relying on a different radio access technology (e.g. WiMAX / WLAN / 3GPP / 3GPP2)

Use Case 1: Traditional broadcast scenario

· For instance, DVB coverage extended by using the 3GPP network to get the same broadcast service

Use Case 2: On-demand scenario

· For instance, DVB coverage extended by using the 3GPP network to get the same interactive service

Use Case 3: Indoor coverage scenario

· For instance, DVB coverage extended by using the WiFi network to get the same broadcast service in an indoors environment where DVB signals are weak

4.2 Load Balancing 

Use Case 4: Number of unicast subscribers justifies setting up a broadcast service to hand them over

· Users do not necessarily move from one location to another, but rather the increasing number of users justifies handing them over to a broadcast technology

4.3 Return channel 

Use Case 5: Support for interactive services

· Setting up a return channel when needed or when the current one becomes unavailable
Use Case 6: Handover from DO technology to bidirectional technology for video playback control
· A program is provided on the DO technology but a playback of the same program requires the use of a different radio access technology

4.4 Program Availability

Use Case 7: A user moves into a DO coverage area where the current program is not available anymore and handing over to a different technology is required in order to continue the program
Use Case 8: Due to a predefined schedule, a program is no longer available on the specific technology, and the user wants to keep watching the particular program, e.g. extra time on a sports match. The network can provide an identifier so that this program can be continued on a different technology.
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