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1. Introduction

RAN2#66 reached agreements that the transmission order of MTCHs is signaled implicitly or explicitly in the MCCH, and dynamic scheduling information indicates which subframes are used by every MTCH in the MSAP occasion. 
In this contribution, we address two issues. 
1) How to efficiently and accurately indicate subframes used by every MTCH? 
2) How to indicate scheduled services during a dynamic scheduling interval, since not all ongoing services in MCCH are scheduled in one dynamic scheduling interval? 
Three MTCH subframe indication methods and three MTCH scheduling status indication methods are discussed. 
2. Discussion
Below some recent agreements [1] and related excerpts are summarized to warm-up the reader:
1) The MSAP occasion comprises the set of subframes defined by the MSAP (MCH Subframe Allocation Pattern) during a certain period.
2) The transmission order of MTCHs is signaled implicitly or explicitly in the MCCH. 
3) 36.300 [3], section 15.6 shows the support of Statistical multiplexing of MTCHs.
4) Dynamic scheduling information indicates which sub-frames are used by every MTCH in the MSAP occasion.
5) MBMS/unicast mixed cell is supported in R9. At most 6 subframes in one radio frame can be assigned to MBSFN sub-frame. 
6) In 25.913 [4], section 7.5 shows MBMS dedicated carrier supports TV channels at around [300 kbps] per channel in a 5 MHz carrier. 
Agreement 4 implicitly indicates that MSAP occasion is a dynamic scheduling interval for eNB to schedule MBMS services received from MBMS-GW with a Timestamp indication. In another contribution [8] we show a method to get rid of the MSAP concept in rel-9, therefore in this contribution we will use “Dynamic Scheduling Interval” when referring to the concept “MSAP Occasion”. 
eNBs’ scheduling capability (such as cache capability and CPU processing capability), MBMS services’ response time, MBMS services’ bit rate requirement, and some other parameters determine the length of the dynamic scheduling interval. Therefore it seems beneficial to support a configurable Dynamic Scheduling Interval.
Proposal 1: Dynamic Scheduling Interval is configurable, e.g. 40ms to 640ms. 
For the discussion below, we assume the dynamic scheduling interval is set to 320ms; 
1) There are at most 32 * 6 = 192 MBSFN subframes in one dynamic scheduling interval. 8 bits are enough to indicate start point or end point of every MTCH in dynamic scheduling interval. If dedicated cell is supported in R10, 320ms contains 320 subframes. Therefore in this case, start point indication costs 9 bits. 
2) Service with bit rate 300 kbps in 5MHz bandwidth with QAM16 with 1/2 code rate needs 19 subframes per scheduling interval. Considering Variable Bit Rate of a video service, 32 subframes are enough. So 5 bits are enough to indicate the length of subframe used by every MTCH in dynamic scheduling interval. 
2.1 Indication of Subframes Used by Every MTCH
Dynamic scheduling information indicates which sub-frames are used by every MTCH in every dynamic scheduling interval. Three indication methods are listed and comparison is showed below.
2.1.1 Start Point + Length

This is a straight forward way to indicate subframes used by every MTCH. UE can read MTCH from start point, and receive length MBSFN subframes. R6 UTRA MBMS system [2] uses this way to indicate subframes used by every MTCH, however dynamic scheduling information is carried in an independent logical channel MSCH.

The cost of bit length to indicate start point and length is 8 + 5 = 13. 
This method indicates subframes used for every MTCH accurately. 
2.1.2 End Point or Start Point Only
This method assumes that subframes used for all these MTCHs are consecutive. We only discuss the indication of end point method [5], but the indication of start point method is similar. By providing end point of every MTCH, UE exactly know where MTCH ends. UE assumes start point of MTCH it reads is end point of previous MTCH. 

But it may not be the exact start point of MTCH! Current MTCH may not multiplex subframe with previous MTCH. In this case, the actual start point of current MTCH is one subframe after previous MTCH’s last subframe. In some cases, UE reads one more subframe than required. It means this indication method is not accurate. Possibly, UE may have to always read two subframes for an MBMS service, which actually occupies only one subframe in every dynamic scheduling interval. An indication of sharing information between consecutive MTCHs is needed.
The cost is 8 bits. 

2.1.3 Length + Sharing Bit

This method also assumes that subframes used for all these MTCHs are consecutive. Length of subframes of every MTCH is provided in dynamic scheduling information. Length represents the number of subframes at least partially occupied by that MTCH. Sharing bit indicates whether that MTCH shares the last subframe with the next MTCH. Start point of every MTCH is implicitly indicated by this method. So basically, start point of one MTCH is calculated by sum of length of subframes used by previous MTCHs minus over-counting of shared subframes, i.e. sharing bits of previous MTCHs. Let us see a real case in Figure 1. Service 0 takes first 2 subframes, and it does not share a subframe with other services. Service 1, 2, and 3 are scheduled in the next subframe orderly after service 0. They share one same subframe, but there is no enough space to put service 3. So service 3 takes one additional subframe. 
	Service ID

n
	Length

LENn
	Sharing Bit

SBITn

	0
	2
	0

	1
	1
	1

	2
	1
	1

	3
	2
	0
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Figure 1
Table 1
In this case, Table 1 shows the values of Length and Sharing Bit for each MTCH. It is easy to calculate start point of every MTCH by using following formula that service 0 starts from subframe 0, and service 1, 2, and 3 start from subframe 2, where SPn means start point of service n. 
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This method accurately but implicitly indicates subframes used by every MTCH. 
The cost is 5 bits for length indication and 1 sharing bit. The total cost is 6 bits. 
With this proposal, we note that peak MBMS rate can be allocated to one single MTCH by setting the dynamic scheduling interval to 40ms.
2.1.4 Comparison

Table 2 summarizes the characteristics of all indication methods in above. Length + Sharing Bit Method not only does indication accurately, but also costs least bits, which is more suitable for MAC Control Element to carry dynamic scheduling information. Therefore, we propose to use Length + Sharing Bit Method. 
	Method
	Accuracy
	Bit Cost

	Start Point + Length
	Accurate
	13

	End Point or Start Point
	Inaccurate
	8

	Length + Sharing Bit
	Accurate
	6


Table 2
Proposal 2: Use the Length + Sharing Bit Method as MTCH Subframe Indication Method. Length is 5 bits.
2.2 Indication of Scheduling Status of every MTCH
In a dynamic scheduling interval, not all ongoing MBMS services are necessarily scheduled. So in general the dynamic scheduling information cannot rely on the fact that all services are scheduled. For this discussion we suppose that there are - n ongoing services
- x services not scheduled in a dynamic scheduling interval
Below we compare three options for scheduling status indication.
2.2.1 Explicit LCID

One straight forward way is to explicitly indicate LCID for every scheduled MTCHs in dyuamic scheduling information. Non-scheduled MTCHs does not show up. LCID for every scheduled MTCH costs at least 5 bits. The overhead to indicate LCID for every scheduled MTCH is (n-x)*5 bits. The total cost is (n-x)*11 bits.
2.2.2 Length = 0 for Non-Scheduled Service
In this scheme, LCID is not indicated in dynamic scheduling information, but dynamic scheduling information indicates subframe for all ongoing MBMS services listed in MCCH, including the non-scheduled, for which length and sharing bit are set to zero. The overhead to indicate non-scheduled MTCH is x*6 bits. The total cost is n*6.
2.2.3 Bitmap Method
In this scheme, dynamic scheduling information first lists scheduling status of all services in MCCH with same order in bitmap mode. One bit associates with one service in MCCH. ‘1’ means scheduled service, and ‘0’ means non-scheduled. Then dynamic scheduling information indicates subframes used by every scheduled MTCH without LCID. The overhead of bitmap indication is n bits. The total cost is n+(n-x)*6 = n*7-x*6 bits.
2.2.4 Comparison
Explicit LCID indication in dynamic scheduling information has one advantage that when dynamic scheduling information is segmented into several parts, UE receiving only part of them may also get the subframes indication of MTCHs it is interested. But it is a rare case that dynamic scheduling information is segmented and UE only receive part of it. In addition, when this happens, UE can receive all MBSFN subframes in dynamic scheduling interval and filter interesting services by LCID in the packets. 
	Method
	Cost
	Efficiency Condition
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Table 3
Table 3 lists the indication overhead of the above scheduling status indication methods. The column “Efficiency Condition” shows the efficiency really depends on the average ratio of non-scheduled services over ongoing services in one dynamic scheduling interval. If the ratio is less than 1/6, Length =0 method is the best choice. If the ratio is bigger than 4/5, it should be changed to Explicit LCID method. Otherwise, choose Bitmap method. So we propose
Proposal 3: RAN2 discusses and decides MTCH Scheduling Status Indication Method based on average ratio of non-scheduled services over ongoing services in MCCH in one dynamic scheduling interval.
3. Conclusion

It is suggested that RAN2 considers the following proposals
Proposal 1: Dynamic Scheduling Interval is configurable, e.g. 40ms to 640ms. 
Proposal 2: Use the Length + Sharing Bit Method as MTCH Subframe Indication Method. Length is 5 bits.
Proposal 3: RAN2 discusses and decides MTCH Scheduling Status Indication Method based on average ratio of non-scheduled services over ongoing services in MCCH in one dynamic scheduling interval.
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