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1 Introduction

At RAN1 #49 meeting, it was agreed that UE is informed by higher layers of the serving cell about which subframes in the serving cell are used for MBSFN transmission. In LS [1] from RAN1, it was stated that this higher layer signaling is mainly used for L1 measurements (on reference signals, reference signal structure in unicast subframe is different from that in MBSFN subframe), and all UEs (i.e. unicast only and MBSFN capable) in LTE_DETACHED, in RRC_Connected and in RRC_Idle are informed of it. 

In [2], it was stated that “A carrier frequency may support more than one MCH, where the physical resource allocation to a specific MCH is made by specifying a pattern of subframes, not necessarily adjacent in time, to that MCH. This pattern is called a MCH Subframe Allocation Pattern (MSAP). Multiple MBMS services can be mapped to the same MCH and one MCH contains data belonging to only one SFA. Whether there is a 1-to-1 mapping between MCH and SFA is FFS.”
In this contribution, the relationship between MSAP and the higher layer signaling of MBSFN subframe allocation is discussed; and the signaling structure of both kinds of information is provided.

2 Relationship of MSAP and MBSFN Subframe Allocation Signaling 
As agreed in RAN2 #60 meeting, MSAP is conveyed by MCCH; UE not receiving MBSFN may not be able to receive MSAP. According to [1], MBSFN subframe allocation signaling is informed to all UEs but not transmitted on P-BCH, so it should be on D-BCH.

The MBSFN subframe allocation signaling indicates the subframe allocation of all the MCHs in a given cell; in other words, it is the sum of the MSAPs of the MCHs. Note that these MCHs may belong to different SFAs. If there is only one MCH transmitted in the cell, the MBSFN subframe allocation is just the same to the MSAP for that MCH.
The scheduling of MCH is done by MBMS Coordination Entity (MCE). The different SFAs that a specific cell participates in are controlled by the same MCE. For simplicity, it is desirable to synchronize the modification period of MCCHs controlled by the same MCE, as shown in fig.1 (a). It ensures the starting boundary of each MCCH modification period is aligned with each other. 

In a given cell, within the modification period of any MCCH, the MSAP and the MBSFN subframe allocation signaling are not changed.
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(a) Synchronized MCCH                                                             (b) Non-synchronized MCCH
Fig. 1 Synchronization of MCCH modification period
3 Design of MSAP and MBSFN Subframe Allocation Signaling 
MBMS transmission has the following characteristics:

-

The traffic rate of MBMS can be estimated beforehand;

-

It has loose delay requirement, because the MBMS services currently supported are either delay non-sensitive, or being able to use a large buffer at UE, that is, UE can play what is in the buffer while receiving. [3][4]. 
-

It is desirable to have MBMS transmissions at high instantaneous data rates so that low transmission duty cycle per MBMS “channel” (source content) enables low power consumption for MBMS capable UEs [5].
According to these characteristics, some restriction can be considered for the MSAP and MBSFN subframe allocation to decrease the signaling overhead. They can be designed as follows.       
3.1 Design of MSAP
-      To define a “modifying period of MSAP” over which the MASP can be changed. The possible “modifying period of MSAP” could be fixed to the least modification period of MCCH of the system. It may also be configured by higher layer signalling.

-
      Some frames contain an MCH while others do not. And the frames that contain the MCH, abbreviated as MCH frames, can be periodically distributed or clustered, which needs further consideration on power-saving and  the influence upon unicast transmission.
-      The distribution of MCH subframes in each MCH frame is the same. For example, they could be evenly distributed or be clustered. Also, the distribution could be of full flexibility, i.e., to use 8 bits to indicate the 8 subframes of a frame except subfarme #0 and #5 [2].
-
     The signalling of MSAP is transmitted on MCCH.
3.2 Design of MBSFN Subframe Allocation Signaling
A similar design of MBSFN subframe allocation signaling is described as follows.

-     To define a “modifying period of MBSFN subframe allocation” over which the allocation signalling information can be changed. The possible “modifying period” can be the least modification period of MCCH of the system. It is not configurable because the MBSFN subframe allocation signalling is carried on BCCH.

-
      Some frames contain MBSFN subframes while others do not. And the frames that contain MBSFN subframes, abbreviated as MBSFN frames, can be periodically distributed or clustered, which needs further consideration on power-saving and  the influence upon unicast transmission.
-      The distribution of MBSFN subframes in each MBSFN frame is the same. For example, they could be evenly distributed or be clustered. Also, the distribution could be of full flexibility, i.e., to use 8 bits to indicate the 8 subframes of a frame except subfarme #0 and #5 [2].
-      The signalling of MBSFN subframe allocation is transmitted on SUx. The exact value of x is FFS..

-
     To define a “repetition period of MBSFN subframe allocation” over which the allocation signalling information is repeated. The repetition period is the same to the repetition period of SUx that carries the signalling. It should be noted that the repetition period is the maximum latency for newly accessed UEs to acquire the information.  
4 Example of MSAP and MBSFN Subframe Allocation Signaling 
 According to the above discussion, an example signalling of MSAP and MBSFN subframe allocation is provided. 
-    The “modifying period” for both kinds of signalling is composed by 2M radio frames, M equal to 7 for instance.
-    Then, two kinds of information need to be configured every modifying period:

1.
Information about the MBSFN/MCH frames –e.g., the MBSFN/MCH frames are periodically distributed with period 2m frames, where 0≤m≤M. The value m is signalled.
2.
Information about the MBSFN/MCH subframes in every MBSFN/MCH frame – e.g., signalled by 8-bit bitmap (8 subframes out of a radio frame)
As shown in Fig. 2, in a given cell, there are two MCHs, denoted as MCH1 and MCH2. m is set to 2 for MBSFN/MCH1/MCH2 frames (note that the value of m can be different for MCH1, MCH2, and MBSFN frames), and MCH1 subframe bitmap is taken as X1000X0100, MCH2 subframe bitmap is taken as X0010X0010, MBSFN subframe bitmap is taken as X1010X0110, where 1 means existing, 0 means non-existing, and X means not available. 
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Fig.2 Indication of the type of subframe 
5 Conclusion

In the contribution, we have proposed a method for MSAP and MBSFN subframe allocation signalling, having the following basic features:

-
To synchronize the modification period of MCCHs controlled by the same MCE;
-    MBSFN subframe allocation signaling is the sum of the MSAPs of all the MCHs available in a given cell;
-    To define a “modifying period of MSAP” over which the MASP can be changed;.

-
Some frames contain an MCH while others do not;
-    The distribution of MCH subframes in each MCH frame is the same;
-
The signalling of MSAP is transmitted on MCCH;
-    To define a “modifying period of MBSFN subframe allocation” over which the allocation signalling information can be changed. The possible “modifying period of MBSFN subframe allocation” can be the least modification period of MCCH of the system ;

-
Some frames contain MBSFN subframes while others do not;
-
The distribution of MBSFN subframes in each MBSFN frame is the same;

-    Node B broadcasts the MBSFN subframe allocation information via D-BCH.
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