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1 Introduction

MBMS streaming audio/video services are highly resource consuming.  Delivery of such services in band with existing dedicated services such as data and voice may cause cell congestion and connection rejection.  That is the motivation for us to introduce optimisation of in band delivery of MBMS services so to minimise service disruption.
MBMS streaming services are delivered in streaming delivery mode.  The alternative to streaming delivery mode at present is the download delivery mode often known as “download and play”.  Download and play allows UEs to receive downloaded MBMS audio/video contents at bit rates much lower than corresponding streaming bit rates, therefore using less radio resources but for a longer time period with respect to streaming.  However, download delivery mode only allows delivery of pre scheduled contents and it is not suitable for contents that just became available at the BM-SC and that want to be immediately deployed and consumed at the UE.  This is due to two reasons:

1) The content needs to be downloaded before being consumed, i.e. depending on the content size and on the download bit rate a long time could be required before the content is available for consumption.
2) Often content is downloaded on terminals during off-peak or pre-scheduled times, e.g. late evening or fixed day and time of the week.  Hence, the content will not be necessarily available for consumption just after it becomes available at the BM-SC.

In this paper a new delivery mode based on download mode is presented.  This delivery mode is called “Preloading” and is meant to create a middle step between streaming and download.  The objective of this new delivery mode is to allow MBMS contents to be downloaded at relatively low bit rate (when compared to corresponding streaming bit rates) so to avoid network congestions.  Further, the Preloading mode aims at enabling immediate consumption of MBMS audio/video contents without waiting for the whole content to be downloaded.  
The Preloading mode would best suite delivery of audio/video clips of limited duration and would not be suitable for continuous long services such as mobile TV.

2 Problem Statement
The problem addressed in this paper concerns the lack of a delivery mode in MBMS allowing for radio resource efficient MBMS content distribution and consumption in real time.
Currently, live content delivered and consumed in real time needs to be deployed using streaming delivery mode.  This delivery mode is too resource expensive and it is only justified for MBMS contents that cannot be pre-stored in the UE (like in the case of mobile TV applications).  Indeed, adopting streaming mode for prescheduled or live services of short duration such as short audio/video sequences (e.g. latest news or latest sport events) would consume a much higher bandwidth than with the case of content downloading and it would lead to blockage of other services sent in band with MBMS (e.g. voice and data).  On the other side, deploying these services using the download delivery mode would not allow for real time consumption of contents because of the long time required for the download (to be completed before consumption) and the tendency of pre-scheduling download sessions during low peak times.
Our aim is therefore in finding an alternative delivery method bridging between streaming and delivery mode where audio/video contents just made available to the BM-SC can be immediately deployed in a resource efficient manner and consumed by UEs in real time.  UEs shall perceive services delivered with this alternative delivery mode as if they were streamed, i.e. users shall be able to consume the contents with minimum delays between download and play.  This would improve the quality of experience (QoE) of the services.
3 Proposed Solution
The new delivery mode proposed in this paper is named “Preload Delivery Mode”.  It is based on the same mechanisms of the download delivery mode with respect to how the content is downloaded.  However, the difference between this mode and the download delivery mode is in the way UEs are selected for content download and in the way the content consumption is carried out.
The Preloading delivery mode enables distribution of MBMS audio/video contents in ptp and in ptm to all UEs that subscribed to the service in the broadcast areas.  In order to decide whether to choose ptp or ptm for content deployment already existing counting mechanisms are employed.  Users will not be notified when the content download is started.  Even if no explicit service joining at the UE is performed service contents will be downloaded on the UEs that subscribed to the service.  UEs will only be prompted with a message asking whether the service consumption is accepted.  This message is stored in the UE memory and is automatically displayed while the content is downloading.  Therefore, service acceptance does not imply any interaction between the UE and the network and it is down to UE internal settings.  If a user accepts to consume the service the content will start playing while still downloading.  This is achieved via opportune exchange of information between BM-SC and UEs, as it will be explained in following sections.  If the user does not accept to consume the service or if content has finished downloading and still no response is received on whether service consumption is accepted the content will be deleted from the UE memory.  This is done to prevent UE memory overflow and to avoid infringement of digital right management on contents, which would occur if the content is permanently stored on the UE memory and available for distribution.  However, it is open to the operator’s choice to decide whether the UE is entitled to store and share contents or not.  The Preloading delivery mode could also be used in conjunction with FEC.  This would improve QoS at the expenses of longer waiting times for content consumption startup.  Nevertheless, a tradeoff between percentage of redundant information added and content consumption waiting time increase could be found depending on operators needs.
The functional steps forming the Preloading delivery mode are described below while a graphical representation of how the Preloading delivery mode works is given in Figure 1.

1) Counting is performed according to already established techniques.  On the basis of the number of users within the broadcast area that subscribed to the service ptp or ptm bearers are setup. 

2) At the service session start the service content will be downloaded on all the UEs in the broadcast area that subscribed to the service even if no explicit joining has been performed by the UEs.

3) Content will be preloaded via OMA-PUSH for ptm or via FLUTE unicast for ptp.  In both cases the bit rate for the download will be much lower than in the case of content streaming, e.g. for a 128Kbps streaming service the content download bit rate could be in the range of 32 to 64 Kbps.

4) If a user performs service acceptance within the service session duration, the content will be played on his UE.  The content will be automatically deleted if the session terminates without any service acceptance being performed or if service rejection is performed.

5) The content starts playing while the download is still ongoing.  The start time for content playing on the UE is determined in a way that the audio/video sequence can play smoothly and without interruption using the downloading content.  The start time is transmitted to the UEs by the BM-SC as the BM-SC knows the bit rate at which the download will occur and the overall size of the content and can calculate the offset delay from the start of the download when the content play out can begin.  For example, if a three minutes audio/video sequence encoded at 128Kbps is downloaded on a UE at 64Kbps, the content will start playing on the UE after 3 minutes from the start of the download.  A further delay could be added to the content play out start time in order to address eventual unpredicted delays in the download or to take into account the addition of FEC information. 

Note that the time between service acceptance and start of content play out could be used for advertisements already stored in the UE.
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Figure 1: Timeline example for content Preloading
4 Signalling Involved in the Preloading Delivery Mode

The signalling involved in the Preloading delivery mode is simple and only involves the introduction of one new message sent in ptp or in ptm from the BM-SC to the UEs receiving the service.  The information sent to the UEs is the offset time, calculated from the start of the download, after which the content shall start to be played.  A graphical representation of the signalling involved in the Preloading delivery mode is shown in Figure 2.

The steps involved in Figure 2 are explained below:

1) Waiting time between content download start and content play out start is provided by the BM-SC to the UE.  
2) For reason of clarity the content download process has been indicated with two steps: step two, where the download is started; and step five, where the download is terminated.  This has been done in order to specify that the waiting time (denoted with D) signalled by the BM-SC accrues from the content download start.  
3) Service acceptance is performed at the UE.  Service acceptance only involves UE internal setups.

4) Service content still in the process of downloading starts to be consumed, i.e. the audio/video content downloaded is started to be played.

5) As explained above this step indicates content download completion.  
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Figure 2: Signalling involved in the Preloading delivery mode
It needs to be said that the standardisation effort required in order to successfully implement the Preloading mode consists of specifying a new information element generated at the BM-SC and consisting of the offset delay between content download start and content play out start.  Definition of this information element will need to be complemented by definition of a new signalling message carrying the off set delay, which will be sent by the BM-SC to the UEs forming the broadcast group.

5 Advantages of Preload Delivery Mode

The Preloading delivery mode provides a new way of deploying audio/video MBMS content in a resource efficient manner enabling real time service consumption.  This new delivery mode combines the advantage of using low download bit rates with the possibility for UEs to consume the content while they receive it.  
Indeed, the way of consuming the content is comparable with real time streaming because UEs can receive the content as it becomes available to the BM-SC and do not have to wait for the content to be fully downloaded before being consumed.

The Preloading delivery mode is particularly suitable for deployment of relatively short audio/video clips.  In fact, long audio/video sequences occupy large amounts of UE memory and would need longer downloading times.  Therefore, for services such as mobile TV or long audio/video sequences the use of streaming mode is recommended.  The services deployable with the Preloading delivery mode could potentially be all audio/video services deployed in download mode plus all short audio/video services provided in streaming mode.  

The advantages provided by the Preloading delivery mode over other delivery modes are those of making new content just received by the BM-SC immediately available at the UE for consumption and to allow use of limited radio resources that would not impair the use of other services in band with MBMS.  This delivery mode can provide operators with improved mechanisms for content delivery and can enhance service Quality of Experience.  The technique will also improve services “look and feel”, making it more similar to real time streaming services.  Moreover, the adoption of FEC codes could improve QoS and provide a better perceived service quality.
6 Conclusions

This paper proposes a new delivery method called “Preload” for resource efficient deployment of audio/video contents and for real time service consumption.  The paper describes the structure of the delivery mode, the information exchange required between UEs and network and its advantages with respect to the already existing streaming and download delivery modes.

The paper presents the Preload delivery mode as a bridging step between streaming and download.  This new mode enables low consume of radio resources and eventual use of FEC codes for QoS improvement.  Further, the Preload delivery mode offers the opportunity to distribute new contents to the UEs and let them consume it in real time in the same perceived way as for streaming.

It is proposed that 3GPP SA4 includes the Preload delivery mode within the modes available for MBMS content delivery in TS 26.346 Rel7, therefore giving operators the opportunity of utilising radio resources in a more efficient manner and with a higher QoE for users.
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