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1. Introduction

SA2 is asked by RAN3 about the issue of statistical multiplexing. This paper provides background information for discussion. 
2. Discussion
2.1 Video encoding issues

The statistical multiplexing is related to video encoding. Though we think it should be well understood, it is useful to start the discussion from the understanding of video encoding.

The scenes in a video stream is changing, sometime fast, sometime slow, so the information contained in the video is also changing. This means the bit rate of the encoded video stream is naturally variable. In the industry, the video streams for broadcast can be encoded by CBR and VBR. The constant bit rate is achieved in CBR encoder is a bit like to add redundant information (more than the quality requirement) into the output bit streams. A CBR encoder can also output a lower bit rate by cutting/down-grading the fast-changing scenes, but the user experience is affected. When people find different video streams often have their peak rates at different times, statistical multiplexing is developed, and proved to have 30%~40% gain over CBR encoders [2][3][4].
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Figure 1 conceptual diagram of VBR (left) and CBR (right), data source is according to ASU’s real time H.264 video statistics [7][8]
2.2 Statistical multiplexing
There are already some mature encoding servers on the market for DVB-H, supporting statistical multiplexing [3][4][5][6][7]. The general principle of statistical multiplexing is illustrated by figure 2. The encoding server has multiple encoding modules, which are correlated (joint encoding), so that one branch can gain from other’s low-bit rate. By coordination, the bandwidth is effectively utilized while keeping the quality satisfied. 
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Figure 2 Principles of statistical multiplexing
It is noted that there is no standardization effort needed on the joint encoding, because the encoding server is a standalone product, and the output bit streams are already statistical multiplexed. How to configure the aggregated bit rate is out of the scope of standardization. An example could be something based on identical PSNR (Peak Signal-to-Noise Ratio) of the picture, which is to decrease the aggregated bit rate until the statistical multiplexed VBR have the same PSNR with the non-multiplexed CBR. On the other hand, if the operator chooses to keep the aggregated bit rate to be the sum of MBRs, it gains a much better user experience.
It is also noted that one scene in a video usually lasts several seconds to tens of seconds (see figure 1), so it is impossible to implement the statistical multiplexing by buffering and smoothing in BM-SC.

2.3 GBR bearer
GBR bearer is used for MBMS. We understand that GBR, MBR are the parameters of a bearer which does not mean the MBMS user service can only be encoded as constant bit rate. A video stream is often carried by GBR bearer, but the steam can be encoded by CBR encoder or VBR encoder (proved to be more efficient as discussed above) up to the choice of the operator.

The GBR, MBR are the services that eUTRAN provide to the upper layer under a required QoS. It does not mandate how eUTRAN allocates radio resources, which is an RRM issue. In fact, in RAN, MCE is the entity that allocates the resource for the multiplex carried on a multicast transport channel (called MSAP), and the resource for a single service is dynamically allocated by eNB. And the packets are still guaranteed to be delivered. 

If it is constrained that only constant bit rate encoder is supported, and joint encoding can not be used, MBMS will be technically inferior to other systems, e.g. DVB-H.
2.4 Support of statistical multiplexing
The issue to be solved is that MCE should know which services are jointly encoded, because the resource can not be saved if only single or part of the services in the joint encoded streams are transmitted.

To gain the 30% - 40% expected capacity gain, a possible solution is that BM-SC indicates MCE about which services are jointly encoded (e.g. w/ same service area and QoS) and the aggregate bit rate. BM-SC can indicate this via the existing MBMS session start/stop messages via additional parameters. 
If MCE decides to transmit and multiplex all the services indicated in the joint encoding bundle, the indication provided by the BM-SC is helpful to facilitate the MCE in resource allocation for the multiplex, based on the aggregated bit rate. Note that in RAN, MCE is the entity that allocates the resources for the multiplex, while the resources for a single service is dynamically allocated by eNB.
If the MCE decides to only transmit part of the MBMS services, it is possible to use GBR of each MBMS service to allocate the resources (e.g. allocate the resource according to the sum of the GBRs), though some resources will be wasted. Note that GBR and MBR are unchanged when statistical multiplexing is used, becauseeach MBMS service bitrate is still fluctuating within the range of its MBR or GBR.
3. Conclusion
In this contribution, we discuss the background information of statistical multiplexing. We see statistical multiplexing is mature in other broadcast systems, and can bring up to 30%-40% gain. We worry if statistical multiplexing can not be supported, MBMS will be technically inferior to other broadcast systems. To support statistical multiplexing under the current architecture of EPS, MCE needs to be informed of which services are jointly encoded and the aggregated bit rate, which is known at BM-SC.
Additionally, we find it does not need to change the configuration of MBR and GBR whether statistical multiplexing is applied or not.
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