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1 Introduction

In RAN2#59bis, it is agreed to support statistical multiplexing [1]. During the discussion, it was found there might be some impact on the E-MBMS scheduling and data handling.
In this contribution, the detailed issues are discussed. Some issues/requirements those are common to non-multiplexing and multiplexing cases, which are explicitly indicated in the document.
2 Discussion

The preferred approach is to dynamically multiplex the MTCHs into single MCH by means of MAC multiplexing. This implies that the services to be multiplexed have the same service area. This is reasonable, because the multiplexing decreases in the overlapping case according to the study. The benefits include higher efficiency, simplicity (no frequent interaction is needed between MCE and eNBs) and load delay (due to locally processing). In this scheme, MCE allocates resource to the MCH carrying the service multiplex. In the eNB, the MCH is defined by MSAP (MBMS Subframe Allocation Pattern) as specified in [5]. MSAP represents the available resource for all the MTCHs on it. In eNB, the MTCHs are dynamically multiplexed based on some pre-defined rules, e.g. transmission order [1]. Detailed discussion of the rules can be found in section 2.2. MSAP is periodically transmitted, and it could be unchanged for quite a time. One MTCH could potentially use part or all of the subframes indicated by MSAP. Which subframes of this MCH are used for a certain MTCH is decided by eNB and separately signalled to UE, and detailed discussion can be found in section 2.1.
2.1. E-MBMS scheduling Information 
Scheduling information for one to one MTCH MCH mapping
Some general aspects were discussed in last meeting [2]. In this document, more details on the envisaged scheduling mechanism is given and control channel aspects are discussed, because it quite relates to the data handling for service multiplexing.
Traffic characteristic of E-MBMS services are outlined in several papers e.g. [1] [3]. It is found that the bit rate is generally time-varying. This means that a single MTCH or a multiplex of several MTCHs would not always occupy all the subframes defined by the MSAP
 of the related MCH. If an UE does not know which subframes of an MSAP are actually used for a MTCH transmission, it has to receive every subframe to decide based on MAC header information or ‘detection of DTX’ if subframes contain service data or not. This would mean that the UE receiver decodes every subframe of an MSAP. 
Hence, from power saving point of view, it is desirable that the UE only needs to monitor and receive the subframes occupied by the desired MTCH. However, this is impossible if only the semi statically configured MSAP information is known at the UE side. Note: MSAP might be allocated in session start and might remain unchanged during the session. Therefore it is desirable to provide the UEs with dynamic information on the subframes occupied for the transmission of a certain MTCH. This would apply for both the non-multiplexing and multiplexing case.
Scheduling information for MAC multiplexing of several MTCHs on one MCH
In [5] it is captured that several MTCH can be mapped on a single MCH. The straight forward approach for this is the mapping via MAC multiplexing. The multiplexing can be performed in a fixed way such that a service is always mapped on the same subframes of a MSAP or dynamically where the services are dynamically mapped on the subframes of a MSAP.  See figure 1.
A dynamic scheduling information signaling as described for the case of one to one MTCH MCH mapping would be also beneficial if dynamic or static multiplexing of several MTCHs on a single MCH by means of MAC multiplexing is applied. Also in this case such dynamic information would allow optimising UE power consumption. 
However such dynamic scheduling information is probably not provided on channels with the same reliability as the channel used to provide the MSAP to the UE. Such a channel could be realized by inserting at the beginning of each MSAP the scheduling information (it is FFS if such a channel would be called MCCH or MSCH). Such a channel would be transmitted in the same MBSFN area of the related MTCHs.

It is preferred to support both a periodic MSAP and a periodic transmission of dynamic information, so that an UE can easily detect the correct frame/subframe after DRX. The periodic MSAP is also beneficial in case a UE does not receive the dynamic scheduling information because then it can decode as a fall back solution all the subframes belonging to a MSAP for the duration of a certain period, e.g. the whole MSAP period.
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Figure 1: Multiplexing in MAC

Proposal 1: The statistical multiplexing is supported by means of dynamic multiplexing of multiple MTCHs onto a single MCH, i.e. MAC multiplexing
Proposal 2: E-MBMS supports two types of scheduling information, static/semi-static scheduling information e.g. represented by an MSAP and dynamic scheduling information e.g. provided at the beginning of each MSAP. 

· The Static/semi-static MSAP allocation is defined by MCE. Actual multiplexing of MTCH on a MCH is preformed by MAC in eNB. 
· MSAP and dynamic scheduling information are periodically transmitted.

2.2. Data handling

Justification for a common rules based synchronized scheduling in the eNBs involved in MBSFN:
Although there might be different implementation choices, the length of period and the start time of the period would be synchronized for the sake of the synchronization of data transmission. The issue is that identical period does not mean that eNB would generate the identical dynamic scheduling information i.e. identical resource allocation inside MSAP. Here one scheduler for all the MTCHs mapped onto the MCH is assumed. The reason is that eNB receives the packets over M1 all the time, so the available packets for eNB scheduling are different at different time. On the other hand, it is desirable that GW is not involved in the eNB dynamic scheduling, i.e. unaware about when eNB makes dynamic scheduling and how many bits can be exactly transmitted during one period. 
Three common rules for eNB multiplexing and generation of dynamic scheduling information are proposed: 
First, the time information for scheduling is needed, i.e. it is necessary to specify which content data are taken into account for the scheduling within a certain period. For example, the time information could be 10ms before the period start, and then eNB only handles the packets that are available before this time point. Such information is provided by MCE. With the scheduling time information and SYNC protocol, all the eNB has the same buffer level for scheduling.
The second rule is the scheduling should be based on the available data in the buffer. 
The third rule is that the transmission order inside the MSAP is indicated by MCE. If there are MTCH1, MTCH2 and MTCH3 to be multiplexed onto the MCH, the transmission order means which MTCH should be transmitted first. The MCE will provide this transmission order/scheduling priority information to the eNBs. This information is then used equivalent to the priority handling information in the scheduler. Another purpose of using transmission order is to provide DRX opportunities to the UEs. E.g. if the packets belong to the same MTCH1, they are grouped together and transmitted during a short time duration, so the UE needs to turn-on the receiver in this short occasion only. 
An example is shown in Figure 2. When the eNB is to make a scheduling, it finds there are 5KB for service 1, 3KB for service 2 and 4KB for service 3 are received. Based on the transmission order {service 1, service 3, service 2}, eNB will schedule 5KB of service, and then 4KB for service 3 and then 3KB for service 2. If some data can not be transmitted during the period, it can be buffered to next scheduling period, or discarded based on some rules [FFS]. 
Proposal 3a: MCE provides identical information like timing information and transmission order/priority information to eNB schedulers such that synchronized dynamic scheduling is ensured.

Proposal 3b: The dynamic scheduling should be based on the available data in the buffer 
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Figure 2: Example of dynamic scheduling information generation
3 Conclusion

It is discussed in this document about the scheduling, packet handling and discarding with respect to statistical multiplexing. The proposals are summarized below:
Proposal 1: The statistical multiplexing is supported by means of dynamic multiplexing of multiple MTCHs onto a single MCH, i.e. MAC multiplexing.
Proposal 2: E-MBMS supports two types of scheduling information, static/semi-static scheduling information e.g. represented by an MSAP and dynamic scheduling information e.g. provided at the beginning of each MSAP. 

· The Static/semi-static MSAP allocation is defined by MCE. Actual multiplexing of MTCH on a MCH is preformed by MAC in eNB. 

· MSAP and dynamic scheduling are periodically transmitted.

Proposal 3a: MCE provides identical information like time information and transmission order/priority information to eNB schedulers such that synchronized dynamic scheduling is ensured.

Proposal 3b: The dynamic scheduling should be based on the available data in the buffer. 

The text proposal for 36.300 is attached.
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15.x Network Functions for Support of Multiplexing  

{Could be in the same section that has been agreed by RAN3}
…..
The function in eNB is implemented by dynamically multiplexing the MTCHs into single MCH by means of MAC multiplexing. This implies that the services to be multiplexed have the same service area. This is reasonable, because the multiplexing decreases in the overlapping case according to the study. The benefits include higher efficiency, simplicity (no frequent interaction is needed between MCE and eNBs) and load delay (due to locally processing). In this scheme, MCE allocates resource to the MCH carrying the service multiplex. In the eNB, the MCH is defined by MSAP (MBMS Subframe Allocation Pattern). MSAP represents the available resource for all the MTCHs on it. In eNB, the MTCHs are dynamically multiplexed based on some pre-defined rules, e.g. transmission order. MSAP is periodically transmitted, and it could be unchanged for quite a time. One MTCH could potentially use part or all of the subframes indicated by MSAP. Which subframes of this MCH are used for a certain MTCH is decided by eNB and separately signalled to UE.
15.3.3 Multi-cell transmission
……………….
9.
The mechanism supports indication or detection of MBMS data burst termination (e.g. to identify and alternately use available spare resources related to pauses in the MBMS PDU data flow).

E-MBMS supports two types of scheduling information, static/semi-static scheduling information e.g. represented by an MSAP and dynamic scheduling information e.g. provided at the beginning of each MSAP. 

· The Static/semi-static MSAP allocation is defined by MCE. Actual multiplexing of MTCH on a MCH is preformed by MAC in eNB. 

· MSAP and dynamic scheduling information are periodically transmitted.

MCE provides identical information to eNB like time information and transmission order/priority information to eNB schedulers such that synchronized dynamic scheduling is ensured.

The dynamic scheduling should be based on the available data in the buffer. 

� We assume that a MSAP is semi-statically configured.
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