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1 Introduction

RAN2 has agreed that dynamic scheduling would be supported in eMBMS for the radio resource efficiency and dynamic scheduling information (DSI) is sent at the beginning of every MSAP occasion [1]. In the email discussion [66#20] of eMBMS UP details, the proposed way forward is that DSI is sent by MAC control element [2], but the details are still open.
In this contribution, we try to address the detailed design of DSI. The following three aspects are discussed:

· How to indicate the resource allocation of each MTCH in current scheduling period

· How to indicate a blank MTCH in current scheduling period
· On reception failure of DSI
2 Subframe allocation information of MTCHs
According to [1], it is agreed that DSI can be provided per MCH to indicate which subframes are used by each MTCH in the MSAP occasion, and based on which and interested services UE can determine which subframes need to be received.
An example of subframe allocation for 4 services is illustrated in Fig. 1. Several candidate solutions could be used to indicate the subframe allocation information of every MTCH as follows.
Fig 1. An example of subframe allocation for MTCHs

(1) Starting point of every MTCH

With starting point indication, UE can roughly derive the end of the former MTCH from the starting point of the latter MTCH, but ambiguity exists due to possible multiplexing of MTCHs. In Fig 1, the UE only interested in MTCH 1 has to continue receiving subframe 3, because it is not sure whether there’re data of MTCH 1 in subframe 3 or not. However, we think the possibility of transmission of a MTCH finished exactly at the end of a subframe is very small. Therefore, receiving MTCH(m) till the starting subframe of MTCH(m+1) is necessary in most of cases and doesn’t result in any additional power consumption. For the last MTCH, UE has to keep awake to receive several additional subframes before the last subframe of this MTCH is decoded. As soon as UE identify the LCID of padding or non-MTCH, it knows that the last MTCH is ended in current subframe and no need to decode the following subframes. 
At most 6 subframes (5 subframes for TDD) in one radio frame can be used for MBSFN. For scheduling period of 320ms, the maximal number of MBSFN subframes would be 192 (160 for TDD), and 8 bits are needed to indicate the starting point of each MTCH.

(2) Ending point of every MTCH [3]
For ending point solution, similar as starting point solution, UE can roughly derive the start of the latter MTCH from the ending point of the former MTCH. Since for each scheduling period we need to read DSI firstly and according to the results of email discussion [66#20], the transmission order is proposed to be MCCH->DSI->MTCHs [2], UE can easily know the starting point of the first MTCH. The ambiguity happens to the latter MTCHs. If the ending point of the MTCH(m) is n, UE cannot determine whether the MTCH(m+1) is started from n or n+1. In order to avoid losing data, UE interested in MTCH(m+1) has to receive from subframe n. Similarly, receiving MTCH(m+1) from the ending subframe of MTCH(m) is very likely to be necessary and doesn’t result in power waste.
For scheduling period of 320ms, 8 bits are also needed to indicate the ending point of each MTCH.
(3) Differential starting/ending point
For this solution, only the starting or ending point of the first MTCH is given with absolute value, and for the latter MTCHs, the difference relative to the former ones are used. For example, in Fig 1, the absolute starting points of MTCH 1, 2, 3, 4 are 1, 3, 4, and 4, respectively. Therefore, the subframe allocation information could be represented as {1, 2, 1, 0, …}, where the nth element is starting point of MTCH(n) minus starting point of MTCH(n-1). In this way the starting/ending point of each MTCH could be clearly indicated. Compared with solution 1 and 2, the benefit of this method would be that the needed number of bits can be saved if we’re able to limit the maximum number of occupied subframes by every MTCH to be much less than total number of MBSFN subframes (e.g. 192). For instance, if in one scheduling period each MTCH occupies no more than 32 subframes, 5 bits is sufficient to indicate the differential of starting/ending point.
Similar as explicit indication of starting/ending point, ambiguity also exists for this solution but as analysed above that receiving one more subframe is necessary in most of cases and doesn’t result in any additional power consumption.
(4) Starting point+duration [4]
Obviously, this solution can provide deterministic starting and ending point indication for every MTCH. However, it is costly since much more bits have to be used than all of the above solutions.

Below is a comparison table for these 4 solutions in terms of degree of ambiguity and cost of bits
	Solution
	Ambiguity exists in
	Number of bits

	1. Starting point
	where is the end of each MTCH, especially for the last MTCH
	Medium

	2. Ending point
	where is the start of MTCH 2 to n
	Medium

	3. Differential starting /ending point
	Similar as solution 1 or 2, relying on difference is relative to starting or ending point
	Least

	4. Starting point +duration
	none
	Most


Proposal 1: Based on the above analysis and comparison, we prefer to adopt option 3 (differential starting/ending point) if it is feasible to limit the maximal number of scheduled subframes for every MTCH in one scheduling period. Otherwise, option 2 (i.e. ending point) is preferred.
3 Indication of a blank MTCH
For ongoing eMBMS services, it is possible that some of them are not scheduled or no data for transmission in current scheduling period. Therefore, DSI is necessary to indicate the blank MTCH(s) so that UE can correctly receive the interested services. Following we try to give and compare several candidate solutions.
(1) Using special value of subframe allocation information
In section 2, we may see that for the subframe allocation information, there’re some values are unused or invalid. For instance, since the maximal MBSFN subframe index is less than 192, for ending point solution, the value like 255 is invalid and could be used to indicate the blank MTCH. When the ending point of a certain MTCH is found to exceed 192, the UE could know that this MTCH is unscheduled actually.
(2) Bitmap to indicate the blank MTCH
In the eMBMS CP details email discussion [66#19], one of the proposed way forward is that sessions are (dynamically) scheduled in the order in which they are listed on MCCH [5]. In our understanding, this means the total number of ongoing sessions and their transmission order are implicitly indicated by MCCH. Therefore, we propose to add a bitmap prior to the detailed subframe allocation information of MTCHs. The length of bitmap is equal to the total number of ongoing sessions, and the order is the same as that on MCCH. For a certain MTCH, if it is not scheduled in current scheduling period, the corresponding bit is set as 0, otherwise 1. The bitmap is followed by the subframe allocation information of those scheduled MTCHs, with the same order as listed on MCCH. In this way the indication bits for the blank MTCH could be saved.
(3) Improved bitmap indication
For the bitmap solution, if the total number of ongoing sessions is relatively large and the number of non-scheduled MTCHs is relatively small, especially when all MTCHs are scheduled, more bits would be used than solution 1. For instance, when the total number of ongoing services is 12 and only one service is non-scheduled currently, four more bits are used than solution 1 (assuming that DSI for each MTCH needs 8 bits). To solve this, a combination of solution 1&2 could be adopted. One bit is added at the forefront of DSI to indicate whether or not the bitmap is present. If yes, bitmap is followed by the subframe allocation information of those scheduled MTCHs. Otherwise, subframe allocation information of all MTCHs are given and the special value is used to indicate the non-scheduled ones.
A more simple way is that the one bit at the forefront of DSI only indicates whether or not all MTCHs are scheduled. If yes, the bitmap is not needed and the detailed subframe allocation information for all MTCHs is listed. Otherwise, the bitmap and the subframe allocation information of those scheduled MTCHs are included in DSI. In this way it is no need to check if the special value is used to indicate the non-scheduled MTCHs in the absence of bitmap.
(4) Explicit short ID

A straightforward way is to explicitly list the short IDs of the scheduled MTCHs followed by the corresponding subframe allocation information. But its disadvantage is large overhead, since LCID is preferred to be the short service/session ID, which means at least 5 bits are used for each MTCH.
We think both option 2 and 3 can easily and directly indicate the blank MTCHA(s) and in the most cases have the less overhead than others. Considering that one more bit indicating the presence of bitmap is not costly, we have slight preference on option 3.
Proposal 2: It is proposed to adopt improved bitmap to indicate the non-scheduled MTCHs.
4 On reception failure of DSI
If the DSI is only transmitted once at the beginning of MSAP occasion, when the UE cannot decode the DSI successfully, the detailed resource allocation for each MTCH cannot be identified. One possible way to solve this is to repeat DSI for several times from the beginning of MSAP occasion to improve its robustness. The other simple way is that UE continuously receive and decode the subframes until identifying the end of the last interested MTCH. Currently we don’t make sure how often the reception failure occurs and whether or not a special mechanism is needed to address this issue. Therefore, we propose RAN2 to discuss possibility and severity of reception failure of DSI firstly, and then decide what method could be used.
Proposal 3: It is proposed to discuss the possibility and severity of reception failure of DSI firstly, and then decide what method could be used.
5 Conclusion

In this contribution, three aspects of DSI transmission are discussed and our proposals are as follows:
Proposal 1: Based on the above analysis and comparison, we prefer to adopt option 3 (differential starting/ending point) if it is feasible to limit the maximal number of scheduled subframes for every MTCH in one scheduling period. Otherwise, option 2 (i.e. ending point) is preferred.
Proposal 2: It is proposed to adopt improved bitmap to indicate the non-scheduled MTCHs.

Proposal 3: It is proposed to discuss the possibility and severity of reception failure of DSI firstly, and then decide what method could be used.
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