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1. Introduction

eMBMS statistical multiplexing issue has been discussed in the past (see [1]). This paper proposes to further discuss this issue and to add the statistical multiplexing capability in eMBMS R11. 
2. Discussion

In current MBMS R10 design, the MCE needs to determine the aggregate bandwidth based on per eMBMS session QoS (MBR=GBR for each MBMS Session). Other information such that whether a set of eMBMS sessions are jointly controlled to target a configured aggregate bandwidth, cannot be communicated to the MCE from the BM-SC. Therefore the bandwidth usage is not efficient because the bandwidth that is reserved to accommodate multiple eMBMS sessions on aggregate is always less or equal to the sum of the bandwidths required to support each individual eMBMS session as seen in Figure 1.
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Figure 1 Illustration of Bandwidth Usages  
Beyond trunking efficiency as shown in Figure 1, a set of video sessions can be statistically multiplexed to ensure even quality across streams under an aggregate bandwidth requirement. The following contributions or papers shows the how much gain we could expect from Statistical Multiplexing:
· Contribution [1] shows a few use cases and performance gain of 30%~40% that we can expect from Statistical Multiplexing.
·  Balakrishnan et al. [2] uses a theoretical model to show that statistical multiplexing can provide gains of 9% with 2 sessions present, 16% with 4 sessions present, and 19% with 8 sessions present.  
· He and Wu [3] analyze the H.264 encoder to make observations on the rate-distortion curves, and come up with an optimal statistical multiplexing scheme. Their results (see Figure 17 in the paper listed below) show that statistical multiplexing can improve bandwidth utilization by 30 to 50% for the same PSNR targets, when compared to equal allocation schemes.
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To support efficient statistical multiplexing, we propose the following enhancements:

· Ensuring that a group of sessions that are jointly controlled to an aggregate QoS is carried over the same PMCH.
· Communicating to the MCE the aggregate QoS requirements of a group of sessions 

Currently, MBMS session start messages from BM-SC only indicate a service area. It is left to the MCE to decide which MTCHs are grouped together on what PMCHs. To support efficient statistical multiplexing, we propose the following enhancements:

· The BMSC includes a Group ID in the MBMS session start message of every session specified by TMGI.

· The BM-SC includes the group aggregate GBR (GAGBR), and the group aggregate MBR (GAMBR) for the group. Since MBR is required to be set equal to GBR, GMGBR will be set equal to GAMBR for now as well.
· The group ID, and group aggregate GBR and MBR, are propagated to MCE through the various MBMS session start message and can be updated through MBMS session update message.
· The MCE can place all the sessions that have the same Multiplexing Group ID, onto the same PMCH, and allocate resources to the aggregate sessions per the aggregate QOS. See Figure 2. Note that this is an optional feature for both BM-SC and MCE. If the MCE doesn’t support the feature, it can ignore the information upon receiving Group ID, GAGBR, and GAMBR. 

· In case that the MCE may reject some session(s) within the same group, the MCE can fall back to current mechanism (i.e., allocate the bandwidth based on per session QoS). Figure 3 shows an example how the MCE can work in this case.
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Figure 2  Call Flow for Statistical Multiplexing
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Figure 3  Call Flow for Statistical Multiplexing When Some Session is Not Granted

3. Recommendation
It proposes to add the statistically multiplexing capability for eMBMS operation in R11.
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B() is the function that determines the bandwidth that must be reserved for a QoS;
Total bandwidth to reserve = B(QoS);
Then, due to trunking efficiency: B(QoS-A) ≤ B(QoS 1)+B(QoS 2)+…+B(QoS n)




