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1. Introduction

The statistical multiplexing is widely used in the multiple-stream transmission systems. By multiplexing parallel streams on a shared resource, a considerable multiplexing gain can be obtained. The gain is achieved by the statistical behavior of the traffic, i.e. when one stream needs temporarily excessive bandwidth, there will likely be some other streams temporarily needing less bandwidth. The statistical multiplexing is also suitable for a broadcast system, because the gain can be achieved by the application of statistical characteristics as will be shown in this contribution. The possible multiplexing gain as evaluated in this tdoc is considerable, and is in line with the reported gains of about 30%~40% in DVB-H.
Recently RAN2 has decided that “Multiple MBMS services can be mapped to the same MCH” [7]. This means that it has become feasible to exploit statistical multiplexing gains by an appropriate allocation of resources to the MCH and by applying dynamic multiplexing of the multiple services onto the MCH.

In this document, the possible gains and the functions needed to exploit the possible gains of statistical multiplexing for E-MBMS are discussed. Particularly it is emphasized that the E-UTRAN is not in the position to make good estimates for the achievable statistical multiplexing gain by dynamically multiplexing several services on a common resource (i.e. transport channel MCH). Therefore it is proposed to introduce some appropriate EPC – E-UTRAN signaling, to allow an optimal resource allocation by E-UTRAN.
This document is structured in the following way. 

First the gains are analyzed in section 2. “The Achievable Statistical Multiplexing Gains”.
Then the requirements and functions for statistical multiplexing are analyzed in the context of the E-MBMS architecture in the section 3 “E-MBMS architecture and multiplexing solutions”.

Finally in the section 4 “Conclusion” the document is summarized with respective proposals.

2. The Achievable Statistical Multiplexing Gains  
2.1. E-MBMS traffic and statistical multiplexing
The supported E-MBMS service is background and streaming. For background service, it is modelled as a lot of bursts [1]. For streaming service, the frame size also varies with time [1]. Another application of eMBMS is Mobile TV, which is defined by SA1 as:
The Television service is an MBMS service consisting of synchronised streaming audio and visual components.
According to 25.912, one mobile TV channel would be around 300kbps. Usually, the audio encoder outputs 32~64kbps stream according to different configurations. According to 26.346, audio encoder will be AAC, while video encoder is H.264/MPEG4. In the following analysis, the characteristic of video traffic is studied, because it takes 80%~90% of the total load.

It is easy to understand that high motion scenes needs higher bit rate, while low motion scenes only need lower bit rate. If the output bit rate is repressed for the high motion scenes, the QoS degrades.
· Long-term bitrate variability of streaming service
It is easy to see that different scenes (There is no clear definition of the length of a scene. It is assumed on the tens of seconds level), needs different encoding bit rate to achieve the same output quality, whether from the objective or subjective point of view. 
However, a TV show may consist of both low motion and high motion scenes. Even for the news channel, there may be some on-site report on football. According to [ 2 ], the bit rate variability is quite large; news may only need 100kbps, while football needs over 320kbps to achieve the same acceptability by the audience. 

Therefore, for streaming services, e.g. Mobile TV, to guarantee a smooth reception and consistent user experience, the output traffic would vary with time and so does the allocated bandwidth.
· Short-term bitrate variability
According to the data from ASU [ 3 ]

 REF _Ref172617795 \n \h 
 \* MERGEFORMAT [ 4 ], the real data source of “Star War IV” encoded by H.264 shows the short-term bit rate variability. The Quantizer of 24 is selected, because this gives a mean bit rate near 256kbps. In this movie, one GoP (Group of Pictures) has 16 frames, which are IBPBPBPBPBPBPBPB. Thus, one GoP takes around 0.5s for the 30fps coding rate.

As shown in the following figure, the GoP size varies greatly from around 50kbits to 500kbits.

It can also be seen, the autocorrelation of GoP size goes down with the lag of later GoPs. For the GoPs which are 5 GoP later, the autocorrelation is below 0.5, corresponding to 2~3s. Therefore, the bitrate varies quickly in the short-term range.
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Figure 1 GoP sizes and GoP size autocorrelation
· Statistical multiplexing gain
Statistical multiplexing is used for the parallel services with varying bit rate. The gain comes from the probability that bit rate of all the independent services reach the maximum value drops with increasing number of multiplexing services. It is shown in [3] [4] the bit rate variability has much positive effect on the multiplexing gain.
Here is an example. Based on the statistics of ASU, if 99% packets should be transmitted without additional delay, one channel needs 0.6Mbps, while the bandwidth requirement is only 5.2Mbps for 16 channels multiplexed together, i.e. 0.33Mbps each. Hence, there is significant gain.
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Figure 2 Statistical multiplexing gain example
· Quantifying the statistical multiplexing gain

Based on the data of H.264 coded stream “Star War IV”, “NBC news”, “Silence of lamb” and “Tokyo Olympic”[3] [4], it is found that the statistical multiplexing gain for 16 parallel eMBMS services (original statistics of the stream, or its cyclic shifted version) is about 75% ~ 80%, compared to non-multiplexed VBR services. In dynamic MBSFN, there is still 47%~70% gain can be achieved. The above gain is guaranteed for the 99% simulations.
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Figure 3 Statistical multiplexing gain

For the statistical multiplexing gains over the CBR coded stream, currently, there is no close-form analysis available on the statistical multiplexing gain, because it involves a lot of audience subjective factors. According to the paper [5] and a lot of successful industry stories
 show there could be 30%~40% multiplexing gain. In the eMBMS deployment, the gain may decrease due to some unknown limitations. 
3. E-MBMS architecture and multiplexing solutions

The eMBMS Logical Architecture allows for two deployments:

· MCE functionality is hosted in each eNB and M3 interface is terminated in eNB.

· MCE functionality is hosted in separate physical nodes.

The statistical multiplexing has to be achieved in both E-MBMS deployment alternatives.
3.1.  Service Bundle QoS Signaling for Statistical Multiplexing 
RAN2 has decided that several services can be mapped on a common transport channel, the MCH. To this transport channel a set of radio resources in the form of subframes are allocated by means of MSAP (MCH Subframe Allocation Pattern.)  This decision by RAN2 allows in principle the dynamic multiplexing of several services on this shared radio resource. Such it is possible to achieve the described considerable statistical multiplexing gain. However the E-UTRAN is not in the position to know the achievable multiplexing gain. For instance it cannot know, if there is some co-ordination between the encoders for the different services as depicted in figure 4 or not. So E-UTRAN cannot decide, which minimum bit rate offered by MCH would be sufficient to guarantee an appropriated QoS for the services mapped on MCH. Therefore E-UTRAN would make worst case assumptions on such a minimum bit rate and therefore would allocate in general to much resources to MCH. 
Therefore it is required that the EPC is able to signal service bundle related QoS information to the E-UTRAN, which allows for the proper allocation of radio resources to the MCH on which the bundle shall be multiplexed. 
If the Resource Reference [8] approach is used by allocating the same resource reference(s) to all the services to be multiplexed together this requirement is fulfilled. However in cases where it is not desired
 to use resource references some additional signaling means are needed.

This can be done in analogy to the AMBR signaling as defined as [6]:
	Aggregate Maximum Bit Rate (AMBR)

Aggregate Maximum Bit Rate (AMBR)

Multiple EPS bearers of the same UE can share the same AMBR. That is, each of those EPS bearers could potentially utilize the entire AMBR, e.g. when the other EPS bearers do not carry any traffic. The AMBR limits the aggregate bit rate that can be expected to be provided by the EPS bearers sharing the AMBR (e.g. excess traffic may get discarded by a rate shaping function). AMBR applies to all Non-GBR bearers of a UE. GBR bearers are outside the scope of AMBR.


For eMBMS an ABBR (Aggregated Bundle Bit Rate)
 can be defined, where multiple E-MBMS services carried on corresponding multiple EPS bearers UE can share the same ABBR provided by a MCH. Each E-MBMS EPS bearer can potentially utilize the entire ABBR. The E-MBMS EPS bearers sharing an ABBR are denoted as ABBR bundle. The sum of the bearer level QoS parameters (MBR or GBR) of the different EPS bearers constituting a ABBR bundle will in general be greater than the ABBR.
3.1.1.  Configuration of the bundle and bearers
The configuration of statistical multiplexing should be done by BM-SC, because BM-SC may have more information on the required TV channel combinations, e.g. it knows the service area and might know and probably can control the statistical properties of the user service steams e.g. whether the coding is CBR or VBR, whether the encoder is MPEG4 or H.264. Thus the BM-SC can decide which service should be candidate to build an ABBR bundle and can determine the appropriate ABBR value for such a bundle. If the resource reference approach described in [8] is adopted the BM-SC selects appropriate resource reference(s) to be allocated to the bundle sufficient to support the ABBR. 
MBMS Session Management signaling is then used to signal via the gateway to the eNBs:

1. Which services constitute the bundle, 
2. the requested Qos of the bundle (i.e. depending on the final solution an ABBR value or Resource Reference ).
Note: The ABBR value for the EPS bearer bundle might be adapted in GW in accordance of the application of e.g. header compression. The association of sessions within a bundle can be signaled in service specific session management signaling in analogy to the signaling of AMBR signaling in EPS Bearer signaling for uni-cast.
3.1.2. Management of the bundle
The statistical multiplexing bundle information can be delivered through the Session Start messages for each single service. Thus, the BM-SC can add new services into an existing bundle e.g. by Session Start and remove the finished services, e.g. by Session Stop. And then, an EPS bearer will be added or removed from an ABBR bundle. When there is a change of the statistical multiplexing bundle, the BM-SC might recalculate the required QoS for the reconfigure bundle. To signal such updated bundle QoS information it can be envisaged to use Session Update signaling. The changed ABBR or resource reference affects the scheduling in eNB.

However, there is a need to simultaneously activate the new ABBR or resource references in all eNBs, so that all the eNBs can make a scheduling according to the new configuration at the same time. This can be done by a simple mechanism like an activation time stamp, e.g. indicating the next scheduling interval, carried inside the Session Update message. 
It should be noted that there is no interaction from eNB toward BM-SC. The eNB just follows the indication of ABBR and the ABBR bundle, which are derived from the information provided by BM-SC.
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Figure 4 Example of processing flow
An example is illustrated in Figure 4. The figure depicts that there might be rate control interaction among the application encoders for the stream services like Mobile TV, and the encoders may generate VBR traffics, but the aggregate bit rate would be nearly constant. Such a configuration would allow maximizing the achievable multiplexing gain. However as mentioned in section 2 even in case such rate control is not applied the multiplexing of several CBR streams would still allow for gains in the order of 30%. Therefore the described solution does not demand a rate control between encoders.
3.1.3. Processing in eNode B
The processing in eNode B is based on multi-stream, referring to the sharing of resources among the services in the ABBR bundle. The transmission order is determined by MCE or preconfigured, whereas the resources allocated to the services within the bundle during a certain scheduling interval are determined by the buffered data available for scheduling. The SYNC protocol guarantees that each eNode B has the same data for the bundle for processing.

The key points of multi-stream processing are:

1. Services belonging to the same ABBR bundle share the resources configured for the bundle. 

2. The different services are scheduled according to the resource allocation pattern, i.e. multiplexed, and the pattern is based on a bundle.

3. The transmission order/pattern is pre-configured or indicated by MCE. 
4. The SYNC protocol guarantees that eNB has the same data of certain service available for scheduling.
5. Each eNB processes the data identically, e.g. multiplexing in MAC is configured for every eNB in the same way.
The decision of each eNode B is identical. This is easy to understand. Suppose in the non-multiplexing scenario, for certain eMBMS service, SYNC guarantees that each eNB processes the same data. Thus, in the same way, SYNC can guarantee each eMBMS service in the bundle has the same data in eNB buffer for scheduling, because the principle of SYNC is unchanged and whether a service is in certain bundle has nothing to do with the S1 data transmission. Hence, the available data of the whole bundle is identical at each eNB for scheduling.
Each eNB makes scheduling according to the data in the buffer, as well as the transmission order/pattern decided by MCE. As shown in Figure 5, every eNB has three packets of the pink service, and then these three packets are scheduled. The orange service will follow when the data of the first service are scheduled, because the scheduling pattern indicates such a transmission order. 
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Figure 5 Bundle based processing
3.1.4. Application scenarios                                                            
This solution is suitable for the following scenarios:
1. Dedicated carrier for Mobile TV, which probably broadcast over the entire city.
2. Services that have the same MBSFN area, e.g. the service area out of max synchronization area may be different.
3. Services with the same service area, but sometime with different MBSFN areas because of dynamic MBSFN. This solution is applicable if the S1 user plane is always kept for the inactive cells.
The impact on content synchronization is FFS.
4. Conclusion

The achievable statistical multiplexing gain by multiplexing several MBMS services onto shared radio resources is discussed in this contribution. Generally, there could be 30%~ 40% gains. Hence, it is highly necessary to support this feature by introducing appropriate signalling. This signalling shall allow that MCE allocates a reasonable amount of resources, without wasting resources by over provisioning.
It is proposed to support statistical multiplexing for eMBMS by appropriate signalling and to adopt the ABBR based bearer QoS parameter or the Resource Reference signalling approach for E-MBMS as a solution. 
The signaling of the ABBR or Resource Reference values can be realized through the Session Start/Stop/Update procedures with new IEs, analog to the solutions, which will be adopted for AMBR signaling for EPS bearers belonging to the same PDN connection.
It is proposed to capture the “Functions for Optimal Radio Resource Efficiency employing Statistical Multiplexing gains” as proposed in the text proposal in the corresponding appendix section.
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Text Proposal for 36.300

x.x.x Functions for Optimal Radio Resource Efficiency employing Statistical Multiplexing Gains
Considerable gain in radio resource efficiency can be achieved by multiplexing several eMBMS services on a common MCH. The radio resources of a single MCH are shared among the multiple E-MBMS services for statistical multiplexing. The services that share the resources are called bundle. The decision of which services are candidates to be bundled is the responsibility of the BM-SC. Bundle related EPC-E-UTRAN signalling of QoS parameters (Aggregated Bundle Bit Rate) or resource reference values are needed in order to allow the MCE to allocate an optimal amount of resources to the MCH carrying the bundle. The duration of each E-MBMS service may be different, so there is a need to manage the bundle, i.e. addition or removal of services into/from the bundle. The decision to guarantee that every eNB has the same processing should be made by the BM-SC. The processing in the eNB is based on bundles, referring to the sharing of MCH resources among the services in the bundle. The MCE allocates resources to the MCH and not to the individual services. It only indicates a transmission order between the different bundle services.

A general requirement is that the data loss over M1 should not cause severe consequences for the statistical multiplexing compared to non-multiplexing in terms of the number of subframes that needs to  be muted or the number of packets to be flushed due to resynchronization. Enhancements of the SYNC protocol for optimal support of statistical multiplexing are FFS. 





































































































































� The conclusion is drawn according to the data are from Harmonic Inc., Xilinx, Scientific Atlanta and Rohde & Schwarz for DVB-H.


� The “Resource Reference” proposal hasn’t been discussed so far in RAN3. Therefore it is currently not clear if this approach will be adopted in general or not. Therefore we discuss in this document also alternatives. 


� Please note ABBR is a working name for such a quantity leaving the exact nature of this bundle bit rate open. It is ffs if the ABBR is more a kind of absolute minimum bit rate i.e. a GBR in uni-cast terms or if it also represents at the same time a maximum bit rate i.e. a MBR=GBR in uni-cast terms or something in between. 
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