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1 Introduction

This document proposes additions to the use case “improved support for DASH with proxy caches” in section 7.15 of the draft TR 26.938-b00-v0.1.1 [1].
2 Use Cases for Improved DASH Operation with Proxy Caches
2.1 Introduction
In pull-based media delivery strategy, which is considered as the operating scenario of the use cases in this contribution, a segment will be cached when the proxy cache firstly received and responded the HTTP request for the segment. Push-based media delivery strategy is out scope of this proposal. 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 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. 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 may be 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 receiving the last byte of the segment by the client. It may take 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 method based on segment fetch time, 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. The representation level represents the encoded media bitrate level and a high representation level indicates a higher bitrate and vice versa.

· In the method based on buffered media time, the rate adaptation may take place whenever the buffered media reach the thresholds to switch-up/down. A client usually applies two thresholds: an upper threshold and a lower threshold. When the buffer occupancy exceeds an upper threshold, the client switches up to a higher-bitrate representation. When the buffer occupancy falls below a lower threshold, the client switches down to a lower-bitrate representation. Each time after switching-up/down to a higher/lower-bitrate representation, the new upper threshold and lower threshold are set for the next switching action. The distance between the new upper/lower thresholds and the buffered media time to incur the switching are typically set to large enough to smooth out short-term network capacity variations and to provide stable playback quality. A large upper threshold of buffered media time may consume time for filling the client buffer prior to switch-up. A large lower threshold causes a client to switch down to a lower-bitrate representation relatively early. Overall, the client may select the bitrate of the requested representation conservatively and hence experience media quality lower than what the network throughput would allow.
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.]

2.2 Cache Use Case #2 for Enhanced Rate Adaptation
2.2.1 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.

Some mobile operators may have tailored proxies for DASH and may provide improved streaming service for certain group of users. Pre-fetching one or multiple missing segments of representations which the DASH clients may most probably request in the near future may improve quality of experience perceived by the DASH clients. For example, the proxy cache may pre-fetch the missing segments of the representations while the proxy cache sends the cached segments to the DASH clients.

In pull-based DASH delivery to DASH clients through mobile networks equipped with proxy caches, the cache hit ratio of pre-fetching of DASH contents at the proxy cache depends on if the pre-fetched segments are the appropriate segments which the DASH clients really request in the near future. Pre-fetching appropriate segments may depend on whether or not the requested representations at the DASH clients are frequently and widely switched. As rate adaptation is not specified in the DASH standard and different clients may deploy different rate adaptation algorithms, it may be difficult to develop a proxy-driven pre-fetching algorithm that universally would suit all DASH clients. 
Notes:

· 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.

2.2.2 Actors' issues

In pre-fetching segments to the proxy cache, several agents may affect the pre-fetching such as proxy caches and DASH clients. The mobile operator which is equipped with the proxy cache may have knowledge on the sharable bandwidth for certain group of users in a certain level of accuracy and may be capable of allocating network resources unequally to different types of traffic. The DASH client may be capable of forecasting representation to be requested in the near future in a certain accuracy as rate adaptation algorithm is operated at the DASH client, e.g. forecasting most probably continuously request the segments of representations or most probably switch the representation in the near future in certain accuracy. Furthermore, different DASH clients may deploy different rate adaptation algorithms as rate adaptation is not specified in DASH standardization.
The proxy cache and DASH client may cooperate to improve the pre-fetching efficiency. For pre-fetching one or multiple segments, one question is which segments to be pre-fetched at the proxy cache. By receiving assistance from DASH client if the proxy cache accepts the assistance, the proxy cache may improve the pre-fetching efficiency by pre-fetching the appropriate segments of the representations which the DASH clients will request in the near future by taking advantage of available information both from DASH client and itself. Hence, the network resource could most probably be more efficiently utilized and the segments of representations could most probably be pre-fetched and cached at the proxy cache when the DASH clients request it. Consequently, DASH clients are likely to make fewer unnecessary switch-down/up representation level decisions due to late-arriving segments and are also likely to face fewer interruptions in playback due to the same reason. Moreover, the average time spent to fetch media segments at the DASH client is likely to be decreased and achievable media bitrate at the DASH clients can be improved.
The proxy cache may decide to receive assistance for pre-fetching from the DASH clients or deny. The DASH client may also decide to provide assistance to the proxy cache for pre-fetching or not in order to achieve better streaming quality of experience.
2.2.3 Gap analysis
In DASH, each segment may be requested and responded with an HTTP GET request and HTTP GET response. At the moment the DASH client cannot provide assistance to the proxy cache for pre-fetching. However, the DASH client may have the forecasted information about the segments to be requested in the near future, which could assist the proxy cache in pre-fetching decisions. By informing proxy caches about segments likely to be requested in the future and providing an improved pre-fetching, the DASH client may experience an improved quality of experience and the proxy cache may more efficiently utilize the network resources and storage capacities.
3 Proposal

We propose to update the use cases for IS-DASH with proxy caches in Section 7.15 of TR “Improved Support for Dynamic Adaptive Streaming over HTTP in 3GPP” as the proposed changes in the Annex.
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CHANGE 1
7.15 Use Cases for Improved DASH Operation with Proxy Caches

7.15.1 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.
In pull-based media delivery strategy, which is considered as the operating scenario of the use cases in this contribution, a segment will be cached when the proxy cache firstly received and responded the HTTP request for the segment. Push-based media delivery strategy is out scope of this proposal. 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 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. 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 may be 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 receiving the last byte of the segment by the client. It may take 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 method based on segment fetch time, 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. The representation level represents the encoded media bitrate level and a high representation level indicates a higher bitrate and vice versa.

· In the method based on buffered media time, the rate adaptation may take place whenever the buffered media reach the thresholds to switch-up/down. A client usually applies two thresholds: an upper threshold and a lower threshold. When the buffer occupancy exceeds an upper threshold, the client switches up to a higher-bitrate representation. When the buffer occupancy falls below a lower threshold, the client switches down to a lower-bitrate representation. Each time after switching-up/down to a higher/lower-bitrate representation, the new upper threshold and lower threshold are set for the next switching action. The distance between the new upper/lower thresholds and the buffered media time to incur the switching are typically set to large enough to smooth out short-term network capacity variations and to provide stable playback quality. A large upper threshold of buffered media time may consume time for filling the client buffer prior to switch-up. A large lower threshold causes a client to switch down to a lower-bitrate representation relatively early. Overall, the client may select the bitrate of the requested representation conservatively and hence experience media quality lower than what the network throughput would allow.
[Editor’s note: This may be revised into a requirements section after review and development of the use case.]
END CHANGE 1
CHANGE 2
7.15.3 Cache Use Case #2 for Enhanced Rate Adaptation

7.15.3.1 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.

Some mobile operators may have tailored proxies for DASH and may provide improved streaming service for certain group of users. Pre-fetching one or multiple missing segments of representations which the DASH clients may most probably request in the near future may improve quality of experience perceived by the DASH clients. For example, the proxy cache may pre-fetch the missing segments of the representations while the proxy cache sends the cached segments to the DASH clients.

In pull-based DASH delivery to DASH clients through mobile networks equipped with proxy caches, the cache hit ratio of pre-fetching of DASH contents at the proxy cache depends on if the pre-fetched segments are the appropriate segments which the DASH clients really request in the near future. Pre-fetching appropriate segments may depend on whether or not the requested representations at the DASH clients are frequently and widely switched. As rate adaptation is not specified in the DASH standard and different clients may deploy different rate adaptation algorithms, it may be difficult to develop a proxy-driven pre-fetching algorithm that universally would suit all DASH clients. 

Notes: 

· 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.

END CHANGE 2

CHANGE 3:
7.15.3.2 Actors' issues 

In pre-fetching segments to the proxy cache, several agents may affect the pre-fetching such as proxy caches and DASH clients. The mobile operator which is equipped with the proxy cache may have knowledge on the sharable bandwidth for certain group of users in a certain level of accuracy and may be capable of allocating network resources unequally to different types of traffic. The DASH client may be capable of forecasting representation to be requested in the near future in a certain accuracy as rate adaptation algorithm is operated at the DASH client, e.g. forecasting most probably continuously request the segments of representations or most probably switch the representation in the near future in certain accuracy. Furthermore, different DASH clients may deploy different rate adaptation algorithms as rate adaptation is not specified in DASH standardization.

The proxy cache and DASH client may cooperate to improve the pre-fetching efficiency. For pre-fetching one or multiple segments, one question is which segments to be pre-fetched at the proxy cache. By receiving assistance from DASH client if the proxy cache accepts the assistance, the proxy cache may improve the pre-fetching efficiency by pre-fetching the appropriate segments of the representations which the DASH clients will request in the near future by taking advantage of available information both from DASH client and itself. Hence, the network resource could most probably be more efficiently utilized and the segments of representations could most probably be pre-fetched and cached at the proxy cache when the DASH clients request it. Consequently, DASH clients are likely to make fewer unnecessary switch-down/up representation level decisions due to late-arriving segments and are also likely to face fewer interruptions in playback due to the same reason. Moreover, the average time spent to fetch media segments at the DASH client is likely to be decreased and achievable media bitrate at the DASH clients can be improved.
The proxy cache may decide to receive assistance for pre-fetching from the DASH clients or deny. The DASH client may also decide to provide assistance to the proxy cache for pre-fetching or not in order to achieve better streaming quality of experience.
END CHANGE 3
CHANGE 4:
7.15.3.3 Gap analysis

In DASH, each segment may be requested and responded with an HTTP GET request and HTTP GET response. At the moment the DASH client cannot provide assistance to the proxy cache for pre-fetching. However, the DASH client may have the forecasted information about the segments to be requested in the near future, which could assist the proxy cache in pre-fetching decisions. By informing proxy caches about segments likely to be requested in the future and providing an improved pre-fetching, the DASH client may experience an improved quality of experience and the proxy cache may more efficiently utilize the network resources and storage capacities.
END CHANGE 4
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