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Introduction 

According to the objective defined in RP-090350 eMBMS in Rel9 would only support the MBSFN transmission. In the previous LTE Rel8 protocol about MAC layer there is no special design for eMBMS. But in Rel9 in order to perform the MBSFN transmission correctly and effectively to support the service multiplexing agreed in TS36.300 [1], the MAC layer needs some modifications.
In this contribution we discuss the MAC layer design for eMBMS Rel9 considering the characteristics of the eMBMS service scheduling and multiplexing. The specific MAC PDU design for eMBMS scheduling is proposed.
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eMBMS scheduling impacting on MAC layer design 
The eMBMS scheduling is both periodical with period of 320ms and dynamic according to actual data quantity within each period. The MCE determines the semi-static MCH Subframe Allocation Pattern (MSAP) according to QoS of each service. MSAP for each period indicates the maximum resource pool used for dynamic scheduling in current period. On the other hand, MCE would also determine the transmission order and MCS for each service according to their QoS requirement. On top of that the dynamic scheduling refers to the actual data quantity to be transmitted in current scheduling period.
The different MBMS service with the same BLER QoS requirement can be multiplexed into one MCH which is called Statistical Multiplexing (SM). All involved SM services multiplexed into one MCH can be defined as one “service bundle”. Non statistical multiplexing case can be seen as a special instance of SM with only one service per bundle. The service bundle can be considered as one service in the scheduling.

For MBMS service the scheduling granularity is one subframe. In each scheduling period the actual subframe usage for one service could be less than the subframe allocation in MSAP for this service which is determined by MCE. The left subframes also can be used for unicast (FFS) according to the MAC dynamic scheduling in each scheduling period. In order to support the SM and improve the radio resource efficiency the different services in SM are transmitted consecutively. The padding is only added into the last subframe for each MCH MBSFN transmission within one period. 

In figure1 one example of MBMS scheduling within MSAP and dynamical scheduling is illustrated.
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Figure 1 Illustration of the eMBMS dynamic scheduling within MSAP
For example in figure 1, the system information broadcast of the MBSFN subframe allocation during 320ms is defined as following:

· For each radio frame #0, #4,#5,#9 subframe can not be used for MBSFN transmission
· The MBSFN subframe is defined as #1,#2 and #3 subframe 
· The first 10 radio frames are available for MBSFN.
That means the total number of subframes for MSAP during current scheduling period 320ms is 30. In this example the subframe occupation for MSAP is consecutive and starts at the first radio frame. 

The SM involves 3 services, S1, S2 and S3. These 3 services constitute a service bundle {S1, S2, S3}. The number of subframe allocation in MSAP for this service bundle is 8 subframes and its occupation like figure 1. To do SM the actual resource allocation for each service in bundle would be dynamical. In figure 1 an illustration of dynamical scheduling for this service bundle of current scheduling period is given. 

It can see that the services S1, S2 and S3 within service bundle are transmitted consecutively and the padding is only added in the last MBSFN transmission subframe of MSAP for this bundle. The actual dynamical scheduling for service transmission would be less than the subframe allocation in MSAP for this service. The spare subframes within MSAP of this period can be used for unicast (FFS). 

It is clear that for eMBMS service scheduling it is different with unicast. For eMBMS there is no such a fast requirement as for unicast and the dynamic scheduling can be done per period, rather than per subframe as for unicast. So for the PMCH structure there would be no PDCCH liked assistant control channel for PDSCH. The dynamical scheduling information for each period could not be delivered like unicast via PDCCH. One feasible solution would be via MAC Control Element. Dynamic scheduling information could be sent per period in the MAC PDU of the first MBSFN subframe and repeated some times during each scheduling period to guarantee the correct reception. 

In the following section the MAC PDU format for eMBMS data transmission and a new MAC control element type for eMBMS dynamical scheduling information transmission is proposed. 
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MAC PDU design for eMBMS scheduling info and data delivery
The MAC PDU format in TS26.213 section 6.1.2 [2] which is defined for DL-SCH and UL-SCH including the MAC header definition for eMBMS dynamic scheduling delivery. It may be much simpler with only one MAC Control Element. But one new type of MAC Control Element should be defined for dynamic scheduling information transmission which can be called as “MBMS scheduling info MAC Control Element”. 

There would be new LCID definition for MBMS related in the table below which is just like definition for DL-SCH in Table 6.2.1-1 of [2] and compatibility with DL-SCH should be considered.

Table 1  Values of LCID for MBMS related
	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	MCCH

	01100-11010
	Reserved

	11011
	MBMS scheduling info

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding


For MBMS the LCID of MCCH should be defined such as “01011” from the reserved value field in Table6.2.1-1 for DL-SCH. For the LCID of “MBMS scheduling info MAC Control Element”, it can use one value of the reserved field in Table6.2.1-1 for DL-SCH, e.g. “11011”. All others LCID definition should be preserved. For each MBSM service MTCH the LCID value can be chosen among the LCID reserved for DL-SCH, LCID value field “00001-01010”. 

The “MBMS scheduling info MAC Control Element” is defined as follows by a number of octet strings. With the purpose of having the most efficient representation of the scheduling information by using the least number of bits, only octect string is used per MBMS service scheduling information. Each string indicates the MBSFN subframe index of the ending point for a service transmission in the current period. The number of the octet strings in “MBMS scheduling info MAC Control Element” is equal to the number of services transmitted in this MBSFN area. And the mapping relation between the octet string and the service is one-to-one according to the service order defined by MCE. The MBMS scheduling info MAC Control Element has a variable size and consists of a number of octets defined as follows (Figure2). 

· EPI (Ending Point Index): The ending point index field indicates the MBSFN subframe index of the ending point for this service in the subframe allocation of transmission in the current period. The size of the EPI is one octet, e.g. 8 bits, which can indicate maximum 256 indexes. Excluding in one scheduling period (320ms) the 4 subframes (#0, #4, #5 and #9 subframe) in each radio frame which can not be used for MBSFN transmission, the total number of MBSFN transmission subframe would be 192. That means the total MBSFN subframe index is less than 192. So the size of EPI field defined as 8 bits is enough to express. 
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Figure 2 MBMS scheduling info MAC Control Element
The transmission order and the subframe allocation in MSAP have already been sent to eNB and UE via RRC signalling. It determines the subframe allocation information including the number of MBSFN subframes and the starting point. We assume the MBSFN subframe occupation for one service in the scheduling period is continuous.

The UE receives this MAC PDU which includes the “MBMS scheduling info MAC Control element” and combines it with the information received previously about transmission order and MSAP. 

The “MBMS scheduling info MAC Control Element” should be transmitted at the beginning of each scheduling period. For the first MBSFN subframe of this scheduling period, the MAC PDU for MBMS transmission would include MBMS scheduling info MAC Control Element and the actual scheduled service data MAC SDU. In order to guarantee the correct reception and transmission and increase its robustness some repetition mechanism can be considered during the scheduling period.

The MBMS MAC PDU structure is illustrated in Figure 3.
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Figure 3 MAC PDU for MBMS scheduling information and data delivery
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Conclusions
In this contribution the MBMS service scheduling characteristic is considered in MAC PDU design. One new type of MAC control element, “MBMS scheduling info MAC Control element” is proposed to deliver the dynamic scheduling information of each service in one scheduling period. The detailed design of MBMS MAC PDU and MBMS scheduling info MAC Control element is described in section 3.
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