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Annex X (informative):
Unicast-Broadcast Continuity during DASH-Formatted Content Delivery

X.1 Introduction

DASH-formatted content could be delivered to the UE using both MBMS download delivery methods in clause 5.6 and/or HTTP-based delivery methods as specified in 3GP-DASH [98]. MBMS-based DASH delivery option may not be available in some service areas, in which cases those services might be alternatively provided via unicast. Moreover, different DASH representations may be available over unicast/HTTP and MBMS requiring a switch for accessing different versions of the DASH content. Given such availability of unicast/HTTP and broadcast/FLUTE delivery options for DASH-formatted content, it is important to ensure continuity and consistent user experience for the entire content streaming.
Different switching cases between unicast and MBMS and vice versa may occur in these scenarios, including user-initiated content switching with access change as well as application-initiated access change. The latter can occur when DASH delivery option is available over MBMS in some service areas but not available over MBMS in other service areas, assuming that the service is provided over unicast as a fall-back alternative. 
For desired DASH representations available over both MBMS/FLUTE and unicast/HTTP, an MBMS-capable UE shall first attempt to use the MBMS download delivery method to fetch such DASH representations and fall back to the unicast delivery only when MBMS service is not available or cannot be received with satisfactory quality, e.g., due to unacceptably high occurrence of packet losses.   
This annex describes some methods to improve switching times and provides guidelines for DASH client behaviour in such DASH delivery scenarios of combined MBMS download and HTTP-based delivery.
X.2 Switching between MBMS and Unicast Delivery
X.2.1 Synchronization of Flows
Synchronization of DASH-formatted content at the DASH client is desirable during switching between MBMS and unicast/HTTP access. In order to allow for an as interruption-free access switch as possible between MBMS and unicast, the time offset between the DASH segment reception times over MBMS and those over unicast (including BM-SC processing, MBMS FEC buffering and HTTP request-response transaction delays) should be as small as possible. 

It is advantageous (but not always possible) that the same set of codecs is used for representing the same service over both accesses. However, this requires the DASH representations in the MPD to be available over both unicast/HTTP and MBMS, which typically may not be supported for all representations. If the same media bit rates are provided over both accesses, then it is best if the same media flows (identical media encoding in DASH representations received over unicast/HTTP and MBMS) are used for both accesses. This gives the UE an advantage of being able to continuously using decoding buffers thus simplifying seamless access switching. In case the codecs or codec level/profiles change upon access switching, the UE needs to prepare a new set of decoders and possibly having them run in parallel for a short period of time.
X.2.2 Switching from MBMS to Unicast/HTTP Access

Switching from MBMS download delivery to unicast/HTTP-based delivery for receiving DASH-formatted content can happen in two cases, user-initiated content switch with access change and application-initiated access change.

· User-initiated content switch with access change: The user requests reception of a DASH service or DASH representation of an existing service other than the one currently received over MBMS, and the new DASH service or representation is only available over unicast/HTTP.

· Application-initiated switch of access: The MBMS coverage is lost and alternative reception of the same service is possible over unicast/HTTP. Alternatively, the user may for instance initiate a trick mode action that is not supported by the MBMS service and consequently the DASH client activates unicast/HTTP delivery.
The latter case may occur suddenly and without warning when the available signal strength is no longer good enough for the MBMS reception. The UE may identify the loss of MBMS access by signal strength measurements or detection of packet losses exceeding a certain threshold (monitored in the long-term sense rather than a temporary degradation). As a result the UE may terminate the MBMS session and initiate service reception over unicast/HTTP instead. 
If the time offset between DASH segment reception over MBMS and unicast/HTTP (including BM-SC processing MBMS FEC buffering and HTTP request-response transactions delays) is small, and the same DASH representation is available over unicast (so that the DASH client can fetch over HTTP), then application-initated access change from MBMS to unicast/HTTP without service change is possible to be made in such a way that it is seamless.

To facilitate seamless switching to MBMS, the UE may detect the potential loss of MBMS coverage in advance (i.e., via signal strength measurements) and establish an alternate connection over unicast/HTTP in advance before terminating the MBMS connection, assuming that UE has simultaneous access to both unicast and MBMS bearers. In case the MBMS connection is eventually lost as predicted, such simultaneous reception capability over MBMS and unicast bearers can provide better means to a seamless transition from MBMS to unicast/HTTP access, reducing latency of switching and thereby mitigating potential rebuffering problems that may be experienced by the client during the switching.
X.2.3 Switching from Unicast/HTTP to MBMS Access

Switching from unicast/HTTP-based delivery to MBMS download delivery for receiving DASH-formatted content can happen in two cases, user-initiated content switch with access change and application-initiated access change.

· User-initiated content switch with access change: The user requests reception of a DASH service or DASH representation of an existing service other than the one currently received over unicast/HTTP, and the new DASH service or representation is available over MBMS.

· Application-initiated switch of access: The UE recognizes that MBMS reception of that service is alternatively possible (e.g. because MBMS reception was re-gained, or because the user returns back from the trick play mode to a normal MBMS user service), such that the UE may terminate the unicast/HTTP delivery and initiate reception over MBMS.
If the time offset between DASH segment reception over MBMS and unicast/HTTP (including BM-SC processing MBMS FEC buffering and HTTP request-response transactions delays) is small, and identical media encoding is used, then application-initated access change from unicast/HTTP to MBMS without service change is possible to be made in such a way that it is seamless.

If a switch from unicast to broadcast is desired for various (e.g., bandwidth efficiency) reasons while the unicast connectivity is still present, it may be desirable to temporarily maintain simultaneous MBMS/FLUTE and unicast/HTTP connections over both MBMS and unicast bearers and hence temporarily continue receiving content over unicast/HTTP until sufficient broadcast data is available to ensure that the switch from unicast/HTTP to MBMS is made in such a way that it is seamless, reducing latency of switching and thereby mitigating potential rebuffering problems that may be experienced by the client during the switching. 
	End of document
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