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1. Introduction

At the RAN2 #62bis meeting in Warsaw, the following various solutions for MBSFN frame allocation and which SIB was used to transmit the signaling was discussed. Option C was agreed, and SIB2 shall carry the MBSFN mapping information. 

 Options:

A) Bitmap solution [3]


Micro allocation 2 frames (4 bits) 


Macro level: 
16 bits if micro <= 8




32 bits if micro > 8

B) Bitmap solution [2]


Micro allocation 1 frame (3 bits)


Macro level:  32 bits

C) Multiple periodic patterns [6]


n * 9 bits: (3 bits micro + 6 bits macro) per pattern

Option C is analyzed on present paper, and improved to get more resource allocation flexibility.
MBSFN subframes allocation signal contains：
1. Radio-frames containing MBSFN sub-frames appear when SFN mod N = Offset. The number of bits indicating offset is 3.  Parameter Offset take integer values between [0... 7].
2.  Radio-frames containing MBSFN subframes should be indicated by a parameter N, where the parameter denotes the 2N periodicity of radio-frames containing MBSFN subframes. The number of bits indicating the periodicity of radio-frames containing MBSFN subframes is 3.
3.  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).

The problems of two aspects would exist by using the above scheme:

1. Un-allocation. There is a certain amount of un-allocation. As for the requirements of a certain number of subframes, the provided scheme is limited to some extent and even unable to perform the resource allocation, which directly affects the flexibility of the resource allocation under overlapped coverage. In the MBSFN area, it will also affect the gain of multicast and unicast scheduling.
2. Over-allocation. Use over-allocation to perform the configuration to deal with the problem that the requirements of a certain number of subframes can not be configured, which results in the waste of the radio resources. 
This contribution provides a method to decrease the scenario of un-allocation and over-allocation.
2. Discussion
For LTE FDD, there are 32 radio frames and 7 MBSFN subframes in each MBSFN frame within a modification period.
There are 224 sub-frames in a modification period used for allocating MBMS services. During the resource allocation, one requirement of the MBSFN subframes (e.g.: the requirement of MBSFN sub-frames is 8) corresponds with some MSAP. If over-allocation is not allowed, the corresponding number of MSAP of the requirement for the MBSFN subframes from 1 to 224 is shown as follows table. 
	The number of requirements for the MBSFN sub-frames
	The number of MSAP allocation schemes

	139
	0

	40
	1

	11
	2

	11
	3

	4
	4

	2
	6

	2
	7

	15
	8 or beyond


It can be seen that in the requirement of the sub-frames from 1 to 224 of the current method there are 139 different requirements of the MBSFN sub-frames can not realize the MSAP allocation, except the over-allocation; there are 40 different requirements of the MBSFN sub-frames can only provide one MSAP allocation scheme..., the number of different requirements for the MBSFN sub-frames which can provide no less than 8 different MSAP allocation schemes is 15, only accounting for 17.65% of the different requirements for the MBSFN sub-frames which can provide the MSAP allocation.

2.1. Un-allocation 
For example, three different MBSFN areas are covered overlapped and the area A is overlapped covered by 3 different SFN areas at the same time. (See fig1). 25 sub-frames are needed for each at the same time to bear MBMS services, i.e. MBSFN1, MBSFN2 and MBSFN3 all used 25 sub-frames, 
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Fig. 1
According the agreed method, if all 3 MBSFN areas need to allocate with 25 MBSFN frames for three different MBMS services, only one kind of MSAP can be allocated, which is offset equal to 7, and periodicity equal to 0. That is means for the above three MBSFN areas there is the same MSAP to be used, i.e. on macro lever of the MSAP there are 25 MBSFN frames and on micro lever of the MSAP there are one MBSFN subframe in every MBSFN frame, seen as the Fig 2.
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System Frame Number 0 1 2 3 4 5 6 7 8 910111213141516171819202122232425262728293031

MBSFN1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

MBSFN2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

MBSFN3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Area A


Fig. 2
Thus, for the above three MBSFN areas, MBSFN frames are continuous which is inconsistent with our previous opinion, and for the overlapped area A, different MBSFN services from different MBSFN area have serious interference.
In order to reduce the un-allocation scenario, we suggest to use a method to improve MSAP agreed in RAN2 62bis. The method is to add a parameter Q which indicates the number of MBSFN frames. For example, the Q can take count of from the least System Frame Number to the most System Frame Number. Seen the following figure in [1], for “the second value indicates that every 2nd radio frame includes MBSFN”, with the Q as 5, the number of MBSFN frames is decreased from 9 to 5.
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Also as the above same scenario, when the parameter Q is used as 5 (3bit) which means the number of MBSFN frames is 5 beginning with the first number of SFN. 

Thus, with the new parameter Q, three different MSAP can be provided for three different MBSFN areas, that is for MBSFN1, offset=0, periodicity=2, for MBSFN2, offset=1, periodicity=2, for MBSFN3, offset=2, periodicity=2 seen as Fig 3.
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Fig 3
Furthermore, given 4 bits, the parameter Q is used to indicate the number of MBSFN frames, which is from 1 to 32. The added parameter Q of 5 bits is sent in SIB2 as a part of the current scheme.

The statistics of the added parameter Q is shown in the following table:
	The number of requirements for the MBSFN sub-frames
	The number of MSAP allocation schemes

	99
	0

	31
	1

	1
	2

	93
	8 or beyond


It can be seen that in the requirement of the sub-frames from 1 to 224 of the current method there are 99 different requirements of the MBSFN sub-frames can not realize the MSAP allocation. There are 31 different requirements of the MBSFN sub-frames can only provide one MSAP allocation scheme; …., the number of different requirements for the MBSFN sub-frames which can provide no less than 8 different MSAP allocation schemes is 93, accounting for 74.4% of the different requirements for the MBSFN sub-frames which can provide the MSAP allocation.
Compared to the method without parameter Q, the un-allocation scenario decreases from 139 to 99, 
Proposal: Add a parameter Q, i.e. “the number of MBSFN frames”. The bit number of Q is 3 or 4bit.
2.2. Over-allocation 
Moreover, with the parameter Q, over-allocation scenario is also decreased. The number of different requirements for the MBSFN subframes which can provide no less than 8 MSAP allocation schemes accounts for 74.4% to which increases from 17.65% of the number of different requirements for the MBSFN subframes which can provide the MSAP allocation. 
Flexibility is increased, the number of different requirements which can provide no less than 8 MSAP allocation schemes increases from 15 to 93.
3. Conclusion
From above we can make a conclusion that the proposed method can solve the un-allocation and over-allocation problems.
To reduce signal overhead, the signal of the number of MBSFN radio frames is 4 bits or less.
Proposal: Add a parameter Q, i.e. “the number of MBSFN frames”, the bit number of Q is 3 or 4bits.
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