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1 Introduction

The LS ‎[1] from RAN1 to RAN2 listing L1 parameters to be configured by RRC includes the parameter “subframe allocation”, which provides information about the set of MBSFN subframes on the carrier. The parameter is relevant for the “mixed carrier” case (i.e. both MBSFN and non-MBSFN on the carrier). The parameter is of relevance also for “non-MBSFN UEs”, as knowledge of the cyclic prefix is beneficial for the accuracy of measurements. 
Two questions remain open regarding this subframe allocation parameter: 

1. In which SIB should the parameter be broadcasted? 

2.  How should the information be coded and what degrees of freedom are needed in the subframe allocation?

In this contribution, we address these questions and conclude on a way forward.  
2 Discussion
In the following, we address the questions raised in the introduction. 

2.1 In which SIB? 

In RAN2, it remains open if the MBSFN subframe allocation parameter should be included in SIB1 or some other block, where SIB3 is a reasonable alternative candidate. The difference between SIB1 and SIB3 is mainly the repetition period, and the aspect that a UE may have to trust its measurements on subframes 0 and 5 until the allocation is known. 
However, early knowledge of the subframe allocation would also ease the reception of subsequent SI messages. We therefore propose that the suframe allocation parameter should be included in SIB1. 
Proposal 1: The parameter MBMS subframe allocation parameter shall be included in SIB1 as an optional parameter. 
In many cases, a carrier may not have any MBMS subframes at all. We therefore propose to include the subframe allocation parameter as an optional parameter, where the absence of the parameter indicates that no MBSFN subframes are allocated on the carrier.    
Proposal 2: The absence of the parameter means that no MBMS subframes are allocated on the carrier. 

2.2 Number of bits and information coding? 
In contribution R2-074111‎[3], a simple bit-map was suggested to indicate which subframes that are allocated for MBMS during a time-period. The approach is attractive due to its simplicity, but if the period is long, the load on BCCH would be very high. As exemplified in ‎[3], if the period is 40 ms (of which 8 subframes are known to be non-MBSFN frames), a 32 bit bitmap is required. This is a large fraction of the whole SIB1 payload and it corresponds to more than 4 billion ways of allocating MBSFN subframes. Clearly, such degrees of freedom are not needed in practice. The problem is to identify the least restrictive constraints that still provide the necessary degrees of freedom in the subframe allocation signaling. 

Contribution R2-080982 ‎[4] suggests a “two-level” approach, where the MBSFN subframe allocation within a radio frame is indicated on a “micro-level”, and the presence of such MBSFN radio frames are then indicated on a “macro-level” over a period of time. This is illustrated below.   
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The two-level approach appears attractive, but R2-080982 ‎[4] expresses a desire to indicate the “macro-level” MBSFN radio-frame allocations with a bit-map over a period of 32 radio frames. While this approach lends us a great deal of freedom, it costs at least 35 bits in SIB1 (assuming at least 3 bits to indicate the “micro-level”). In our view, some further constraints on the MBSFN subframe allocations should be possible without introducing any severe performance limiting constraints. 
Below, we assume the micro/macro approach above, and discuss different restrictions on MBSFN subframe allocations to save overhead on BCCH. 

2.2.1 Micro-level allocations

Since sub-frames 0 and 5 are always non-MBSFN, it means that a simple bit-map would cost no more than 8 bits (FDD). However, following a static allocation pattern for MBSFN sub-frames on the micro-level does not appear to pose any significant restrictions for scheduling of unicast traffic. MBSFN sub-frames could occur in consecutive frames (of those frames available for MBSFN allocation) starting from the first subframe available for MBSFN transmission in the frame (#1 for FDD). Then, it would be sufficient to signal the number of MBSFN subframes per radio-frame, i.e. 3 bits would be sufficient.  
Unless RAN2 finds any valid reasons to support the full freedom provided by a 8bit bitmap on the micro-level, we suggest that RAN2 agrees on a 3 bit indicator that tells the number of MBSFN subframes per radio-frame according to the proposal below. 
For TDD, as stated in [5], we note that fewer subframes are available for MBSFN: At least sub-frame 2 is always used for UL, and subframe #1 and #6 can not be used for MBSFN because the primary synchronization signal shall be mapped to the third OFDM symbol in subframes 1 and 6 which is in conflict with MBSFN reference signal., it means for TDD sub-frame 0, 1, 2, 5 and 6 are always non-MBSFN.
Conclusion: For TDD and FDD at most 5 and 8 subframes, respectively, can be used for MBSFN. 
Proposal 3: It is also proposed to ask RAN1 whether the consequence that MBSFN cannot use #1 and #6 in TDD mode is correct and is the intended characteristic.
Proposal 4: The MBSFN subframes in an MBSFN radio-frame shall be indicated with a 3 bit parameter, where the parameter value indicates the number of MBSFN subframes in an MBSFN radio-frame. Multiple MBSFN subframes in a radio-frame shall appear in subsequent DL frames available for MBSFN, starting from subframe #1(FDD) or subframe #3(TDD)..  
2.2.2 Macro-level allocations

The macro-level allocation indicates whether a radio-frame includes MBSFN subframes according to the micro-level allocation. A bit-map over e.g. 320 ms (i.e. 32 bits) would lend us arbitrary freedom over the period, but the approach is very costly on BCCH. 

One alternative is to shorten the period to e.g. 80 milliseconds (i.e. 8 bit bitmap). This is attractive for BCCH load, but it makes the MBSFN allocation granularity quite coarse, particularly for wide frequency bands, see ‎[4] for a table.  
For unicast scheduling, it would be desirable to distribute the MBSFN radio-frames as evenly as possible. One possibility to facilitate this is to indicate the periodicity of the MBSFN radio-frame, such that the first value means that every radio-frame contains MBSFN subframes, the second value indicates that every 2nd radio frame includes MBSFN, the third value that every 4th includes MBSFN, and so on. See the figure below. 
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This can be achieved with only 6 code-points, i.e. 3 bits.  With 3 bits, there remains two additional code points by which the repetition periodicity could be prolonged beyond 320 ms. However, it is not clear that this is meaningful, since a 320 ms periodicity already gives a reasonably low MBSFN resource allocation granularity, see ‎[4].  
Proposal 5: The appearance of radio-frames containing MBSFN subframes should be indicated by  a parameter N, where the parameters denote the 2N repetition periodicity of radio-frames containing MBSFN subframes. Use of a second parameter M to represent offset is FFS.
Proposal 6: The number of bits indicating the repetition periodicity of MBSFN subframes is 3.   
3 Conclusion

 In the present contribution, we have analyzed two questions that remain open regarding the MBSFN subframe allocation:  

1. In which SIB should the parameter be broadcasted? 

2. How should the information be coded and what degrees of freedom are needed in the subframe allocation?

We propose that RAN2 closes these open issues by agreeing to the following five proposals: 

Proposal 1: The parameter MBMS subframe allocation parameter shall be included in SIB1 as an optional parameter. 

Proposal 2: The absence of the parameter means that no MBMS subframes are allocated on the carrier. 

Conclusion: For TDD and FDD at most 5 and 8 subframes, respectively, can be used for MBSFN.
Proposal 3: Ask RAN1 whether the consequence that MBSFN cannot use #1 and #6 in TDD mode is correct and is the intended characteristic.

Proposal 4: The MBSFN subframes in an MBSFN radio-frame shall be indicated with 3 bits, where the bits indicate the number of MBSFN subframes in an MBSFN radio-frame. Multiple MBSFN subframes in a radio-frame shall appear in subsequent DL frames available for MBSFN, starting from subframe #1 (FDD) or subframe #3 (TDD). 

Proposal 5: The appearance of radio-frames containing MBSFN subframes should be indicated by a parameter N, where the parameter denote the 2N repetition periodicity of radio-frames containing MBSFN subframes. Use of a second parameter M to represent offset is FFS.
Proposal 6: The number of bits indicating the periodicity of MBSFN subframes is 3.   
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