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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 RAN2 #61 meeting, LS from RAN1 [2] listed considerations from RAN1, with two solutions to MBSFN subframe allocation signaling attached [3] [4]. And in [5], specific design based on [4] was presented. However, the heavy signaling overhead needed in [5] was pointed out.

In this contribution, an improved design combining the merits of [3] and [4] is provided. 

2 Discussion on MBSFN subframe allocation signaling
· MBSFN subframe allocation covers the subframe allocation of all the MCHs in a given cell;

· MBSFN subframe allocation is designed for L1 measurements;
-   The signaling is designed to facilitate UE to measure as many unicast reference signals as possible, so that the measurement duration could be shortened. Specifically, the unicast reference signals for the measurement locate in unicast subframes and in the first symbol of MBSFN subframes, shown in Appendix A. And the MBSFN subframe allocation signaling actually conveys the exact allocation of unicast reference signals. 

-    It is noted that measuring on smallest number of reference signals is one of the measurement case and it works. According to the current agreement, the smallest number of reference signals refers to all the reference signals in subframe #0,  subframe #5, and reference signals in the first symbol of all the other subframes, note that subframe #0, subframe #5 and the first symbol of MBSFN subframe are always reserved for unicast transmission. Without information of exact MBSFN subframe allocation, e.g., in some cases of neighboring-cell measurement, only these smallest number of reference signals can be confidently used.
· MBSFN subframe allocation is known to all the UEs.

· MBSFN subframe allocation signaling is not transmitted on P-BCH.

-     Since the signaling is to be known by all the UEs, it should be transmitted on D-BCH.

3 Design of MBSFN Subframe Allocation Signaling 
In this section, the design of MBSFN subframe allocation signaling is provided. Saving signaling overhead is considered with high priority.
3.1 Design of MBSFN Subframe Allocation Signaling
· 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. And it is proposed to be 2M radio frames, M equal to 7 for instance.
· To define a “repetition period” that is smaller than the most strict time delay requirement for the supported MBMS services. And it is proposed to be 
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 repetition periods. 

· Within each repetition period, the MBSFN frames are clustered for the sake of power saving for UE.

· The signalling of MBSFN subframe allocation is composed by 3 parts, shown in fig. 1. They are the logarithm of the number of MBSFN frames (frames contain MBSFN subframes ) 
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Fig.1 Signaling of MBSFN subframe allocation
· The total number of MBSFN frames within a modifying period is indicated by
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 ranges from 0 to M. The distribution of MBSFN frames are according to the pre-defined rule as follows.
· When 
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 in the modifying period. Within every repetition period,  there are 
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successive MBSFN frames. As shown in figure 2(a), where M=7, 
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·  When 
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 MBSFN frames are evenly distributed in the modifying period. As shown in fig.2(b), where M=7, 
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Fig. 2 (a)  the case that there are more MBSFN frames（8 MBSFN frames） than repetition periods (4 repetition periods).
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 Fig. 2 (b)  the case that there are less MBSFN frames (2MBSFN frames) than repetition periods.

Fig.2 Example of MBSFN subframe allocation
· The index of starting MBSFN frame within a repetition period is indicated by 
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· The distribution of MBSFN subframes in each MBSFN frame is the same. MBSFN subframes within an MBSFN frame distributes according to some pre-defined rule, for example, they could be evenly distributed, clustered or defined by mapping table[982]. 
· The number of MBSFN subframes within an MBSFN frame is indicated by n and signaled, where n ranges from 0 to N, and N is the largest number of subframes that could be allocated for MBSFN within a frame. N could be equal to 7 for instance, shown in fig 2, where n=3. Note that subfarme #0 and #5 are always reserved for unicast transmission [ 2], and it is recommend to leave subframe #4 for unicast since subframe #4 is set to be paging subframe regardless of the number of paging subframes Ns.
· n=0 indicates the case that there is no MBSFN subframe.
· The signalling of MBSFN subframe allocation is transmitted on SUx. The exact value of x is FFS.

· According to the design, the overhead of the signalling can be calculated according to the following fomula:
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When M=7, 
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3.2 Solution to over-allocated subframes

An “over-allocated” subframe is a subframe that is allocated for MBSFN transmission but is not used. 

· Why are there over-allocated subframes?
· Instable instantaneous traffic bitrate.
This problem has been solved in a great extent by flexible multiplexing of MTCHs in MCH.
· The granularity.

With the restriction that the distribution of MBSFN subframes in each MBSFN frame is the same, the actual granularity is x subframes, x equal to the number of MBSFN frames in the modifying period. However, this restriction assures no disturbance on VoIP transmission and should be maintained. 

· The sum of the MSAPs in a cell does not conform to the rule of MBSFN subframe allocation exactly. 
· How to solve the problem?
This problem could be solved by allowing MBSFN subframes dynamically changed to unicast subframe. And since the change is required to be dynamic, the solution resides in physical layer design. 
With this solution, the granularity of MSAP and MBSFN subframe allocation becomes single subframe. And the subframes signaled by MBSFN subframe allocation but not allocated by MSAP can still be used for unicast transmission. 

4 Conclusion 
It is proposed to adopt the following for MBSFN subframe allocation signalling:

Proposal 1: There is a repetition period and a modification period for the MBSFN subframe allocation pattern;
Proposal 2:Both the length of  the modification period and the repetition period shall be specified “hard-codded” in the standard;

Proposal 3: The number of MBSFN frames (mMBSFN) , the index of starting MBSFN frame (mSTART) and the number of MBSFN subframs  (n) in a radio frame that carries MBSFN transmission shall be configurable and signalled;

Proposal 4: The MBSFN allocation is valid for all MBSFN radio frames within the modification period. Addressing the issue of overallocations, it is FFS whether additional signalling is used to indicate the overallocated subframes. 
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Appendix A
As shown in the following figure, MBSFN subframe and unicast subframe have different structures of reference signals.
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Fig. 3  Reference signal structures for unicast subframe and MBSFN subframe
� EMBED Equation.3  ���











� The  initial transport blocks of VoIP transmission is persistently scheduled with transmission period of 20ms. Since the distribution of MBSFN subframes within each MBSFN frame is the same, the initial transport blocks of VoIP transmission won’t be disturbed, provided that they are scheduled in the subframes with index that is not allocated to MBSFN
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