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1. Introduction

In RAN3#57bis and RAN2#59bis meeting statistical multiplexing is agreed as a requirement for EMBMS service multiplexing operation. But how to do the statistical multiplexing is still an open issue. 

In this document we will discuss the details of statistical multiplexing solution which is called ABBR based statistical multiplexing solution. 
2. ABBR based eNB MAC scheduling statistical multiplexing principles
We have already discussed some options to implement the statistical multiplexing in [1, 2]. Here the ABBR based statistical multiplexing solution is derived from “AMBR based statistical multiplexing” in [1, 2]. This ABBR based statistical multiplexing solution is a distributed eNB independent solution. The basic idea is listed below: 
The MBMS service data transmission is scheduled period by period. The transmission order of the services in one scheduling period including the services in the multiplexing bundle is decided by MCE in advance. At each scheduling period according to the ABBR indication the range of the available resource for these statistical multiplexed services are determined. But the actual allocation in this ABBR resource bundle for each multiplexed service is variable in real time according to the data quantity waiting for processing. Each service gets its resource allocation within the ABBR bundle according to pre-defined transmission order. The actual number of resource allocation to each service can be prorated based on the waiting quantity at that scheduling point. Content synchronization can guarantee that in different eNB for each service it had the consistent data to be processed at that scheduling point. 

Figure1 shows an example of the statistical multiplexing implemented by ABBR bundle based distributed eNB independent MAC scheduling approach.
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Figure 1: example of the statistical multiplexing in eNB MAC scheduling

How to decide the actual resource allocated to one service in the ABBR bundle is based on the current quantity of service data waiting for processing. This requires that at the different eNBs the data quantity of each multiplexed service should be consistent. A natural understanding is that the content synchronization mechanism can guarantee the data of each service waiting for processing in this scheduling period to be identical and consistent in different eNBs. But the detailed content synchronization design should be considered with some optimization to deal with some abnormal instance such as packet loss unrecoverable case and etc to keep the correct result.

The principles of ABBR based statistical multiplexing solution are:

· The statistical multiplexing gain is represented by sharing resource allocation within ABBR (Aggregate bundle bit rate) bundle. 

· eNB itself determine the actual resource allocation for the multiplexed services within the ABBR bundle during the MAC scheduling performing according to the different waiting processing data of each service at that scheduling time point.

· All the statistical multiplexing services within one ABBR bundle should have the same BLER QoS requirement which have the same service area and the same MCS scheme in the physical layer.

· Content synchronization should guarantee the consistent data waiting for processing in all eNBs.
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Figure 2: Architecture of “ABBR based eNB MAC scheduling” statistical multiplexing solution
In L2 statistical multiplexing will not impact the segmentation/concatenation processing for each service. For each service packets it will do the segmentation/concatenation at the RLC level at first. Different service will concatenate in different RLC PDUs. No services multiplexing in RLC level. 
For the statistical multiplexing involved services in one ABBR bundle, they have the same BLER QoS requirement and have the same MCS configuration. So the actual MAC PDU length for the ABBR bundle services is determined and is same for all the multiplexed services within bundle. In order to fully utilize the resource it allows multiplexing different services packets within ABBR bundle in MAC level. It means in one MAC PDU it can concatenate different services RLC PDU as MAC SDU.

The principles for the segmentation and concatenation for statistical multiplexing:

· Segmentation and concatenation is done by per service in RLC level.

· No multiple services concatenation in RLC level. That means for the RLC PDU concatenation only one service packets are allowed to be concatenated into one RLC PDU.

· It allows concatenating different services in MAC level within ABBR bundle. That means different service RLC PDUs would concatenate into one MAC PDU.

With statistical multiplexing in one ABBR bundle the number of  resource blocks allocated at this scheduling point for one service transmission is varied period by period. It is based on the proportion of waiting scheduling data at that scheduling point. From the L2 perspective the whole L2 structure for DL statistical multiplexing under MBSFN transmission is shown in Figure3.
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Figure 3: L2 structure for EMBMS statistical multiplexing under MBSFN transmission
3. ABBR concept, configuration and management
3.1 ABBR concept
It is desired that the UE only needs to receive its interested service, so this requires that the eNB can separate the flows of different eMBMS services and transmit them onto different frequency/time resources. A suitable method is that different eMBMS services are carried on different bearers. To enable the multiplexing among the different services, i.e. different services share the same bandwidth, the relationship of these bearers should be defined. 

The ABBR concept is derived from AMBR for unicast [3]. It defines the range of bandwidth or the bit rate shared by the multiplexed services. The multiple eMBMS services carried on respective EPS bearers share within the same ABBR. Each eMBMS EPS bearer can potentially utilize the entire ABBR. The eMBMS EPS bearers sharing the ABBR build up an ABBR bundle. The sum of the bit rate of all EPS bearers will be typically greater than the ABBR. Here, the eMBMS ABBR is only applied for downlink. A special case is if there is only one service, the ABBR should be equal to its GBR or MBR.
3.2 ABBR configuration
Considering the current architecture agreed by SA2, all the eMBMS service data come from eBM-SC. eBM-SC is controllable by operators. There is an interface between the eBM-SC and content provider. It is also possible for eBM-SC to buffer and analyse the traffic characteristics. eBM-SC may also know the service properties, for example, CBR or VBR services, possibly News or Sports, Codec types, such as MPEG4 or H.264. Hence, eBM-SC is a suitable point to decide and/or evaluate the statistical multiplexing gain, especially when there is interaction between eBM-SC and the content server to allow coordination between the encoders.
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Figure 4: eMBMS architecture
Therefore, with the configuration by eBM-SC, the QoS of each eMBMS service is controllable. The resource allocation to all the statistical multiplexing services will be offline configured via ABBR in eMB-SC. And this statistical multiplexing configuration information will be combined in the MBMS session management signalling for transfer to eNBs via MBMS Gateway.

The ABBR information can include the following information:

· The services in the ABBR multiplexing bundle, e.g. by a list of TMGIs to identify the involved statistical multiplexing services.

· The bit rate value of ABBR that can provide for multiplexing.

Then the ABBR for the EPS bearer bundle is determined according to the requested QoS for the statistical multiplexing bundle and also probably with the consideration of RAN operations, e.g. header compression. Then the EPS bearer for each service is established according to the requested QoS from eBM-SC. Each EPS bearer will then associate the ABBR. Hence, the ABBR bundle is built up.
3.3 ABBR management
The statistical multiplexing bundle information can be delivered through the Session management messages for each single service. Thus, the eBM-SC can add new services into an existed 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 eBM-SC needs to determine the new required QoS of the statistical multiplexing bundle, and this information can be sent to gateway by the Session Update message. Because, the establishment of each single EPS bearer is only determined by its own QoS requirement, rather than that for the bundle, thus there is no impact on the existed EPS bearers. The changed ABBR only affects the scheduling in eNB, which is a role of MCE.

However, there is a need to simultaneously activate the new ABBR to eNB, so that all the eNBs can make a scheduling according to the new ABBR at the same time. This can be done by a simple mechanism that a time stamp, e.g. indicating the next scheduling period, is carried inside the Session Update message. Such a procedure is also needed when there is change for single service carried on a GBR bearer.

It should be noted that there is no interaction between eBM-SC and eNB. The eNB just follows the indication of ABBR, which are derived from the information provided by eBM-SC.
One example of the delivered signaling flow for statistical multiplexing ABBR information is the following:

At first, Service 1 starts. So eBM-SC sends the session start message:

Session Start (TMGI=1, ABBR_Id=x, ABBR=300kbps)
Then Service 2 starts. So eBM-SC sends the session start message:

Session Start (TMGI=2, ABBR_Id=x (TMGI = 1, TMGI=2), ABBR=400kbps)
The normal case is the eNB receives session start for service 1 at first, so it updates the ABBR to 400kbps when it receives the session start message of service 2.

4. eNB processing for statistical multiplexing
The processing in eNB is based on multi-stream, referring to the sharing of resources among the services in the ABBR bundle. The transmission order is determined by O&M or MCE, while the actual resources needed by a single service for certain scheduling interval is determined by the eNB MAC scheduling according to the buffered data available waiting for processing at that scheduling point. The SYNC protocol i.e. content synchronization can guarantees that each eNB has the consistent same data waiting 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 MSAP, i.e. multiplexed, and MSAP is based on a bundle.

3. The transmission order and MSAP are pre-configured by O&M or MCE. 
4. The SYNC protocol i.e. content synchronization guarantees that the different eNB has the consistent same data of certain service available waiting for scheduling.
5. Each eNB processes the data identically, e.g. multiplexing in MAC is configured for every eNB in the same way.
Based on above key points, it is easy to understand that the decision of each eNB is identical. 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 MAC scheduling, because the principle of SYNC is unchanged and whether a service is in certain bundle has nothing to do with the M1 data transmission. Hence, the available data of the whole bundle is identical at each eNB for scheduling.
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Figure 5: eNB processing for ABBR bundle based statistical multiplexing
Each eNB makes scheduling according to the data in the buffer, as well as the transmission order/MSAP configured by O&M or MCE. As shown in Figur5, every eNB has three packets of the pink service, and then these three packets are scheduled. The orange service will follows when the data of the first service are scheduled, because the scheduling pattern indicates such a transmission order. 
The detailed rules for the actual resource block allocation for one multiplexing service can be based on the proportion of waiting scheduling data and transmission order. 
5. Transmission of the scheduling info for the ABBR bundle resource allocation
For the general eMBMS service resource allocation information, it can be informed to UE by scheduling pattern which is determined by MCE or O&M beforehand and via MCCH RRC signaling the MSAP. But for the statistical multiplexing eMBMS service the resource allocation dynamically varies in real-time after MAC scheduling within MSAP. There exists the problem how to transfer this resource allocation information in time to UE. 

More precisely, the identical resource block allocation information of the statistical multiplexing services has two parts. 
One part is the ABBR bundle resource information and the services transmission order within the bundle. This part of information can be delivered to UE via MCCH RRC signaling MSAP in the format of scheduling pattern with other non-statistical multiplexing services. This scheduling pattern is determined by MCE or O&M configuration. For the non-statistical multiplexing services the actual resource allocation info including the size and the position of the resource allocation is determined in the scheduling pattern. But for the statistical multiplexing service only the ABBR bundle resource size and position is determined and the transmission order of the multiplexing services within the ABBR bundle is determined. For each multiplexed service the actual size of resource allocation is not decided in this scheduling pattern. This first part of information is relatively not changed until some service session status changed. It can be sent to UE in advance before the actual data transmission. It can be illustrated in figure 6.
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Figure 6: Example of illustrating scheduling pattern transferred on MCCH MSAP
The second part of statistical multiplexing service actual resource blocks allocation information is determined after the MAC scheduling for this scheduling period. It is varied per scheduling period. In order to guarantee this info in real time, we can use the in-band method through “MAC Control element” to transmit this information in the first MAC PDU of these statistical multiplexing services.
6. Conclusion
For the detailed statistical multiplexing solution we propose that:

· ABBR based statistical multiplexing solution presented above is selected. It is a distributed scheme to implement the statistical multiplexing by eNB independent MAC scheduling.

· ABBR (Aggregate Bundle Bit Rate) is defined in eBMSC for all available resource allocated for statistical multiplexing services.

· Within ABBR range the transmission order is determined by MCE (default O&M) and informed to related eNBs together with the MSAP which can include all the services not only the statistical multiplexing services.

· Statistical multiplexing configuration information such as ABBR and involved services is transferred to the eNBs via MBMS session management messages which are eMBMS Session Start/Update/Stop.

· The statistical multiplexing resource allocation information transmission to UE is divided into two parts. One part is the scheduling pattern by MCCH L3 signaling MSAP and transmission order by MBMS SCHEDULING INFO. In MSAP the available subframe allocation size and position for the ABBR bundle is determined and within the ABBR bundle the transmission order of the multiplexing involved services is identical. The second part is the real-time actual subframe allocation information after MAC scheduling. It is dynamically varied period by period. This actual subframe allocation info can be transferred to UE by in-band method through “MAC Control element” in the first MAC PDU of these statistical multiplexing services.  
· No multiple services concatenation in RLC level. That means for the RLC PDU concatenation only one service packets are allowed to be concatenated into one RLC PDU. However concatenating different services in MAC level is allowed. That means different service RLC PDUs can concatenate into one MAC PDU. 

· The eNB itself determine the actual resource allocation within the ABBR bundle according to the data quantity waiting for scheduling of each statistical multiplexed service at that scheduling period. Resource allocation based on the transmission order of priority and the waiting processing quantity is a feasible solution in the actual multiplexing resource allocation.

· Content synchronization can guarantee the consistent data waiting for scheduling in different eNBs.

We suggest that RAN3 discuss the above-described principles of the ABBR based statistical multiplexing solution and related proposals. If it is approved Alcatel-Lucent can prepare related text proposals and CRs.
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