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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.  
	Kinds of MBSFN sub-frames scenarios
	The number of MSAP allocation schemes

	197 (9, 11, 13, 15, 17, 18, 19, 21, 22, 23,…221,  222, 223)
	0 (197 scenarios cannot be allocated )

	4 (128, 160, 192, 224)
	1

	2 (80, 112)
	2

	2 (64, 96)
	3

	2 (40, 56)
	4

	1 (48)
	6

	1 (32)
	7

	8 (1, 3, 5, 7, 10, 14, 20, 28)
	8

	1 (24)
	12

	1 (16)
	14

	3 (2, 6, 12)
	16

	1 (8)
	20

	1 (4)
	24

	
	

	15
	8 or beyond (15 scenarios can be allocated more than 8 kinds of MSAP)


It can be seen that in the requirement of the sub-frames from 1 to 224 of the current method there are 197 different requirements of the MBSFN sub-frames can not realize the MSAP allocation, except the over-allocation; there are 4 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.

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 in RAN2 62bis, the 3 MBSFN areas needing 25 subframes can not be accommodated.
In order to reduce the un-allocation scenario, we suggest to use a method to improve current method agreed in RAN2 62bis. The method is to add a parameter Q which indicates the number of MBSFN frames that are allocated for one MBSFN area in modification period.
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 above the same scenario, when the parameter Q is equal to 5 which means the number of MBSFN frames starting from MBSFN frames that is denoted by the parameter offset.
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, number=5; for MBSFN2, offset=1, periodicity=2, number=5; for MBSFN3, offset=2, periodicity=2, number=5 seen as Fig 2.
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Fig 2
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:
	Kinds of MBSFN sub-frames scenarios
	The number of MSAP allocation schemes

	99 (37, 41, 43, 47, 53, 59, 61, 67,…221, 222, 223)
	0 (99 scenarios cannot be allocated )

	58 (17, 19, 23, 29, 31, 34, 38,…210,  217, 224)
	1

	15 (11, 13, 33, 39, 55, 65, 77, 91, 98, 100, 108, 126,  140,  150, 168)
	2

	15 (22, 26, 27, 44, 50,  52, 63 64, 66, 75, 78, 80, 105,  112, 120)
	3

	6 (45,  54,   70,  72,  90,  96)
	4

	1 (84)
	6

	1 (49)
	7

	3(1,  25,  60)
	8

	3(32, 40, 56)
	10

	2(36, 48)
	12

	1(35)
	14

	2(5,  7)
	15

	2(9, 42)
	17

	1(30)
	19

	2(3, 21)
	23

	2(15, 16)
	24

	3(18, 20, 28)
	25

	1(2)
	31

	3(10, 14, 24)
	32

	1(8)
	45

	1(4)
	46

	1(6)
	53

	1(12)
	62

	
	

	29
	8 or beyond (29 scenarios can be allocated more than 8 kinds of MSAP)


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 58 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 29.
Compared to the method without parameter Q, the un-allocation scenario decreases from 197 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 the MSAP allocation schemes accounts for 55.8% to which increases from 12.05% 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 29.
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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