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1 Introduction

This document presents use cases for improved support for DASH with proxy caches, which are proposed for inclusion in the TR “Improved Support for Dynamic Adaptive Streaming over HTTP in 3GPP”.
2 Motivation

In the 3GP-DASH [1], hierarchical data model is used to structure Media Presentation (MP). 

Periods->AdaptationSets->Representations->Sub-Representations->Segments->Subsegments
If only one representation is provided for a media clip delivered over DASH, then a proxy cache (that is a part of the delivery network) has typically cached all its segments after a client plays-out a whole video clip. However, the client may dynamically request the different segments from different representations as DASH supports rate adaptation. Hence, segments from multiple representations may be cached by a caching proxy and the cached segments for each cached representation are not likely to form a complete representation. 

The caching of multiple incomplete representations may cause 

1. 
Slow startup, which may happen if the requested segment is not cached in the proxy cache particularly in the case that segment duration is relatively long and either the content has not been prepared for or the client is not capable of subsegment-based rate adaptation.

2. Suboptimal rate adaptation, e.g. frequent switching between representations and playback interruptions, which may happen because the variation in the segment fetch time and/or buffered media time caused by the cache misses are interpreted as congestion or throughput changes in the rate adaptation algorithm. Further details are provided below:

Here the segment fetch time denotes the time period from requesting a segment to receive the last byte of the segment by the client. It may take much less time for a client to fetch a segment which is cached at the proxy compared to fetching a segment which is not cached at the proxy. 

A rate adaptation algorithm may use the segment fetch time or the buffered media time or both to determine switch-up/down representation [2]. 

· In the former method, clients may change the representation level due to the varying segment fetch time depending on which proxy server or originating server responds to the segment requests even if the throughput in the delivery network did not change and therefore there was no reason for changing representation levels. The representation level represents the encoded media bitrate level and a high representation level indicates a higher bitrate and vice versa.

· In the latter method, the rate adaptation may compare the buffered media with certain thresholds to adapt media bitrate which may cause late rate adaptation. A late rate adaptation may cause playback interruption or experiencing low playback quality during filling buffering.
3 Use Cases for Improved DASH Operation with Proxy Caches
3.1 Introduction
It is proposed that the potential benefits of using DASH-aware caches are studied as part of the work done for completing the study item. The improved DASH operation with proxy caches may involve additional signaling between DASH clients and proxy caches. As compatibility with the existing HTTP infrastructure is one of the greatest advantages of DASH, we propose that any additional signaling that is proposed shall be compatible with HTTP 1.1 and existing HTTP cache implementations in a sense that existing HTTP caches shall ignore that additional signaling.
[Editor’s note: This may be revised into a requirements section after review and development of the use case.]
3.2 Cache Use Case #1 for Fast Startup
3.2.1 Description
Paul, who lives at Europe, uses DASH-enabled mobile device to view DASH-formatted multimedia clips, whose origin servers are located at outside of Europe. His device accesses to the Internet primarily through mobile (3G and above) networks, and the DASH player in his device uses the HTTP proxy cache provided by his mobile network operator for network connection. In the scenario of on-demand streaming, he frequently seeks to some interesting positions of the playback timeline. During such a seeking to position of playback timeline for an MP and selecting a new MP for presentation, he prefers to fast playback startup by tolerating certain level of low and varying playback quality. In the scenario of live streaming, he is used to perform channel zapping between several live channels. During cannel zapping, he also prefers to fast playback startup by tolerating certain level of low and varying playback quality.
When the end-to-end system architecture includes a proxy cache, the time for fetching the segment directly from the proxy cache is smaller than the time for the fetching the segment from the origin server. It is especially true in case the network delivery capacity from a remote network element (the origin server or other proxy cache) to the HTTP proxy cache selected by the DASH player is much lower than the network delivery capacity from the HTTP proxy cache selected by the DASH player to the DASH client. Here, the network delivery capacity not only depends on the bandwidths in the delivery network but also depends on the Round Trip Time (RTT) and receiver advertised window as those affect the achievable HTTP/TCP throughput.
The DASH client may suffer from slow playback startup if the requested segment is not cached especially in the case that segment duration is relatively long and either the content has not been prepared for or the client is not capable of subsegment-based rate adaptation.
The proxy cache may cache multiple representations of an MP if other DASH clients requested the same MP through the proxy cache. The content provider may provide a large number of representations for some popular MP to support hierarchically bandwidth distribution in a large number of DASH clients. The number of representations and the completeness of representations of an MP cached by the proxy cache depend on popularity of the MP on the clients connected to the proxy cache and average bandwidth distribution of the clients, dynamic features of the sharable bandwidths of the clients etc.

In case the proxy cache cached large number representations with fine-scaled bitrate difference, there is a high possibility that the proxy cache does not cache the requested representation requested by the DASH client but caches the alternative representations with slight bitrate differences. 
Note: This use case makes some assumptions about the operation of caching. These assumptions may be revised as the use cases are analyzed and developed.

It is assumed that the round trip delay between UE and origin server is significantly longer that the round trip delay between UE and cache server.

It is assumed that the content provider produces a large number of representations in this use case.
3.3 Cache Use Case #2 for Enhanced Rate Adaptation

3.3.1 Description
John uses DASH for media streaming with his DASH-enabled device. Proxy caches are employed to serve DASH clients including John’s DASH-enabled device to save bandwidth and reduce delay. John’s DASH-enabled device sends HTTP GET segment requests by parsing a specific Media Presentation Description (MPD). Prior to serving John’s GET segment requests, the proxy cache may have served other DASH clients with the same MP where they created HTTP GET segment requests by parsing the same MPD as John’s DASH-enabled device. The proxy cache may cache segments which have been sent to other clients for serving future clients requests. As DASH clients request segments with dynamically varying the representations, the proxy cache may cache multiple representations, each of which may be completely or incompletely cached. An incompletely cached representation is defined as a representation having segment gaps, i.e. not all segments of the representation are cached.

John, who lives at Europe, has discovered that his DASH-enabled device suffers from frequent playback quality variation and some playback interruptions, both of which he finds annoying. For streaming quality, John prefers to view streaming in a stable playback quality and fewer or preferably no playback interruptions. In addition, higher presentation media quality is preferable. John has also noticed that such quality variations and playback interruptions typically occur when he views MPs for which origin servers are located at outside of Europe such as Asia.
Note: This use case makes some assumptions about the operation of caching. These assumptions may be revised as the use cases are analyzed and developed.

It is assumed that the round trip delay between UE and origin server is significantly longer that the round trip delay between UE and cache server.
4 Proposal

We propose to include the presented use cases for improved support for DASH with proxy caches in Section 3 into Section 6 of TR “Improved Support for Dynamic Adaptive Streaming over HTTP in 3GPP”.
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