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1 Introduction
This discussion paper presents the rationale for the CRs to TS 26.247 and TS 26.346 in the respective Tdocs S4-120951 and S4-120952 on the proposed modifications to the QoE reporting for DASH in order to better accommodate use cases based on combined MBMS download and HTTP-based delivery.
2 Unicast-Broadcast Continuity for DASH Content Delivery
DASH-formatted content could be delivered to the UE using both MBMS download delivery methods as specified in [1] and/or HTTP-based delivery methods as specified in [2]. 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/FLUTE requiring a switch for accessing different versions of the DASH content. Switching cases between unicast/HTTP and MBMS/FLUTE may occur in these scenarios, including user-initiated content switching with access change as well as application-initiated access change. In summary, it is possible that the client switches between the unicast and broadcast delivery modes during the content streaming and moreover certain DASH-formatted components (representations, segments, etc.) may be received over broadcast and other components may be received over unicast with synchronization at the client.
Such services are of interest in the context of Rel-11 EMM and DDE work items that address DASH-formatted content delivery via the availability of unicast/HTTP and broadcast/FLUTE options. The use case from contribution S4-120209 on continuity between MBMS download and HTTP-based delivery of DASH-formatted content has already been agreed into the permanent document for the EMM DDE work item. Moreover, this use case was revised based on the agreed document S4-120780 to provide the capability to support a complete QoE reporting framework for DASH over combined MBMS download and HTTP-based delivery methods.

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.
3 Current QoE Reporting Mechanisms
QoE reporting for DASH has been specified in TS 26.247 considering a transport framework based on unicast/HTTP delivery. For MBMS download, a generic QoE reporting mechanism (generic in the sense that it is not DASH-specific and applies to any content delivered over FLUTE) is specified in  TS 26.346 to collect transport-level parameters relevant for FLUTE delivery. In case of DASH over MBMS, TS 26.346 currently provides the option to collect both types of metrics; i.e., at the DASH client level, the UE can measure and report QoE metrics as specified in TS 26.247, and at the MBMS client level, the UE can measure and report QoE metrics for FLUTE delivery as specified in TS 26.346. 
4 Gaps with Current QoE Reporting Mechanisms
Existing QoE reporting framework is inadequate to capture client experience for DASH over combined MBMS download and HTTP-based delivery. This is due to several reasons:

a)   Current QoE metrics at the DASH client level are built on the assumption of HTTP-based delivery and do not fully fit into the MBMS/FLUTE delivery framework, for which some of the existing DASH QoE metrics are not meaningful (e.g., HTTP request-response transactions).
b)   Current QoE metrics at the MBMS client level mainly reflect the client experience at the transport layer based on FLUTE delivery and do not explicitly capture the DASH client experience.
c)   Simultaneous collection of the current QoE metrics at the DASH client level and MBMS client level can be beneficial, but is not sufficient to precisely identify certain events that cause QoE degradation during DASH over combined MBMS download and HTTP-based delivery. 
To elaborate further on c), one such event that may cause QoE degradation for the DASH client is when the UE switches the access method from MBMS/FLUTE to unicast/HTTP, and vice versa. Such a switching event itself can lead to QoE degradation in the form of playback interruptions, even if the DASH-formatted content could be delivered in an interrupt-free manner when the MBMS/FLUTE and unicast/HTTP delivery methods are employed independently. This is primarily due to 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 delays) which may not be negligible in many scenarios. In other words, even when the qualities of MBMS/FLUTE and unicast/HTTP transport links are sufficiently high to deliver DASH-formatted content in an interrupt-free manner, the latencies introduced during unicast-broadcast switching events may be a major cause of playback interruptions, leading to QoE degradation. This is of course just one demonstrative example, and one can also identify other scenarios where unicast-broadcast switch events have a net impact on the end user QoE.   
In summary, due to their direct impact to the DASH client experience, we observe the benefit of monitoring the unicast-broadcast switching events in conjunction with the existing DASH QoE metrics in order to better interpret client experience and identify causes of QoE degradation for DASH content distribution services delivered over unicast/HTTP and MBMS/FLUTE.
5 Proposed QoE Reporting Mechanism for DASH over Combined MBMS Download and HTTP-based Delivery

To address the issue identified in Section 4, we propose in Tdoc S4-120951 and S4-120952 a set of modified QoE metric definitions for DASH in order to better capture the client experience during unicast-broadcast switching events. In particular, we summarize below the rationale and benefit of these modifications for each QoE metric of interest:
Representation Switch Events: Since a given DASH representation may in general be offered over different access methods (i.e., HTTP or MBMS/FLUTE), inclusion of ‘accessMethod’ attribute corresponding to ‘switch-to representation’ allows for the identification of the delivery method used in transporting the related DASH content. It also sheds light on the UE’s adaptation behavior not only in terms of how the client switches between different DASH representations (or sub-representations), but also in terms of how the client switches across different delivery methods, namely HTTP and MBMS/FLUTE, e.g., for example in response to an event where the MBMS coverage may be lost and alternative reception of the same service is possible over unicast/HTTP. In such a setting, the ‘accessMethod’ attribute can easily help to log such switching events in conjunction with the selected DASH representations and when combined with other QoE metrics such as loss of objects and rebuffering events, the service provider can identify in detail the QoE behavior and client experience for DASH delivery during unicast-broadcast switching events. 
Playlist: Since the playlist metric captures events that cause interruption of a continuous presentation of a given representation by the ‘stopreason’ attribute, inclusion of unicast-broadcast switching events based on ‘switch from unicast to broadcast’ and ‘switch from broadcast to unicast’ enumerations again allows for identification of the delivery method used in transporting the related DASH content, and helps toward understanding possible reasons behind any associated rebuffering events (or other forms of QoE degradation), which will also be captured by the playlist metric. Again, such a modification enables a more accurate understanding on how client experience is impacted by unicast-broadcast switching events and also on how the client adaptation engine operates across different DASH representations and delivery methods.
MPD Information: Since this metric can be used to report DASH representation information from the MPD so that reporting servers without direct access to the MPD can understand the used media characteristics, it is also beneficial to include information on the access methods based on which this representation is available.
6  Summary
Given the 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. It is proposed that SA4 agrees on the need for a modified QoE reporting mechanism for DASH in order to better capture the user experience during scenarios based on combined MBMS download and HTTP-based delivery.
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