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1 Introduction 
During the RAN2 #67 meeting, the issue of reusing the unused MBSFN subframes has been discussed in details and LS about unicast transmission in MBSFN subframes has been sent to RAN1. After the extensive discussion on this topic, a majority companies expressing a view in RAN2 support the reuse of unused subframes.

In our understanding, those unused subframes come from two aspects. One is the unscheduled subframe due to the impact between shorter time of dynamic scheduling and longer time of system information update, i.e. semi-static configured SAP pattern. Another is the over-allocated subframe due to the SAP pattern with period and offset in SIB2. The former has been extensively discussed in the last meeting and the latter has not been inclusively discussed yet.

The latter, i.e. over-allocated subframe has been simply discussed due to nearby the border of Release 8 deadline and has not been supported. In order to support the reuse of the unused subframe, we suggest revisiting the reuse of over-allocated subframe, and address how to reuse the over-allocated subframe.

2 Discussion

2.1. Necessity of re-usage of over-allocated subframe

As stated in [2], the current SAP configuration with {Period, Offset} in SIB2 has been captured in TS 36.331 [5] and will limit the MBSFN resource allocation granularity. Seen as [5], the current scheme allows allocating one or more SAPs, where each SAP consists of anything between 1 and 6 MBSFN subframes occurring in all radio frames that satisfy SFN mod Period = Offset. The signalled parameter Period has value range {1,2,4,8,16,32}, allowing to allocate, respectively, {32,16,8,4,2,1} radio frames every 320ms. Thus, the number of reserved MBSFN subframes per 320ms per SAP is limited to all the pairwise products from the sets {1,…, 6} and {1,2,4,8,16,32}: all the possible combinations are listed in Table 1, which reveals that some combinations result in the same product. In fact, the 36 possible combinations only yield 21 distinct products.
Table 1: The possible MBSFN resource allocations achievable with one set of 
{micro-allocation, period, offset}

	
	MBSFN subframes per radio frame

	
	1
	2
	3
	4
	5
	6

	Radio frames per 320ms
	MBSFN subframes per 320ms:

	1
	1
	2
	3
	4
	5
	6

	2
	2
	4
	6
	8
	10
	12

	4
	4
	8
	12
	16
	20
	24

	8
	8
	16
	24
	32
	40
	48

	16
	16
	32
	48
	64
	80
	96

	32
	32
	64
	96
	128
	160
	192


Figure 1 shows the required over-allocation in terms of both subframes and completely unused radio frames, assuming that only one SAP is used. 
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Figure 1: Over-allocation comparison when using only one SAP, 
as a function of the estimated rate of MBSFN subframes actually required

Provided more than one SAP, the over-allocation will be less serious, however, it will increase larger bit signalling overhead in SIB2.
From the above analysis, there are more over-allocated MBSFN subframes due to the current MBSFN configuration in SIB2, which will waste more or less MBSFN subframes.  Based on keeping background compatibility, we suggest RAN2 revisit this issue and re-discuss how to reuse of over-allocated MBSFN subframe.
Proposal 1: We propose to reuse the over-allocated MBSFN subframe.
2.2. Modification method on SAP in SIB2
In this contribution, we want to induce a new parameter Q (named radioFrameAllocationExcluded) which indicates how many of the frames defined by a SAP are excluded in every 32-frame period. 

Give the new parameter Q, we have shown how to get rid of the radio-frame over-allocation problem present in the current SAP (MBSFN subframe allocation scheme). The proposed modification would extend the range of number of allocated radio frames per 320ms per allocation unit from {1,2,4,8,16,32} to {1,…,32}, with the signalling cost of one more bit per allocation unit, as compared to the current scheme.
2.3. Two alternative definition of the new parameter Q
This paper also provides two methods on how to define and use the parameter Q.

1) Separate offset and Q, which adds 4 bits. Seen as [1]；
The proposal is to signal an additional parameter Q using anything between 4 additional signalling bits to express, to how many of the first radio frames implied by the other parameters {Period, Offset} in every 32-frame period the allocation actually applies.

Some properties of this proposal are that

· the parameter Q is proposed to be signalled independently of the existing parameters Period, Offset;

· with a given value Q=q,  q radio frames per 320ms are reserved, independent of the value Period
MBSFN-SubframeConfig ::=


SEQUENCE {


radioframeAllocationPeriod


ENUMERATED {n1, n2, n4, n8, n16, n32},


radioframeAllocationOffset


INTEGER (0..7),  

radioframeAllocationExcluded        INTEGER (0..15)

subframeAllocation




CHOICE {



oneFrame






BIT STRING (SIZE(6)),



fourFrames






BIT STRING (SIZE(24))


}

}
	radioFrameAllocationPeriod, radioFrameAllocationOffset

Radio-frames that contain MBSFN subframes occur when equation SFN mod radioFrameAllocationPeriod = radioFrameAllocationOffset is satisfied. Value n1 for radioframeAllocationPeriod denotes value 1, n2 denotes value 2, and so on. When fourFrames is used for subframeAllocation, the equation defines the first radio frame referred to in the description below. Values n1 and n2 are not applicable when fourFrames is used.
radioFrameAllocationExcluded defines how many of the frames defined by {radioFrameAllocationPeriod, radioFrameAllocationOffset} are excluded in every 32-frame period, counting from the first


2) Joint signalling of Offset and Q, which adds 1 bit. Seen as [2] ;
Given the value of Period, the values of Offset and Q can be jointly signalled as 

X = Q* min {8,Period} + Offset.

It is easy to verify that with each value of Period, this provides a one-to-one mapping of the applicable value pairs of {Offset, Q} to (in some cases a subset of) [0,…,15]. Given the separately signalled values of Period and X, the UE in turn can extract 

Offset = X mod min{8,Period}, and

Q = X div min {8,Period},

Where div denotes integer division (i.e. x div y is the result of x/y rounded down to the nearest integer).

Given the proposed meaning of Q, and the values of Period, Offset and Q, the condition for the radio frames applicable to the reservation would then become

SFN mod Period = Offset 



(the current condition),
AND


(SFN mod 32) div Period < 32/Period – Q.
MBSFN-SubframeConfiguration ::= 
SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF SEQUENCE {


radioframeAllocationPeriod


ENUMERATED {n1, n2, n4, n8, n16, n32},


radioframeAllocation



INTEGER (0..15), for Release 8 only
radioframeAllocationComposite

INTEGER (0..15), for Release 9 and latter

subframeAllocation




INTEGER (1..7)

}

	radioFrameAllocationPeriod, radioFrameAllocationOffset, radioFrameAllocationComposite, radioFrameAllocationExcluded
Radio-frames that contain MBSFN subframes occur when equation 
For Rel 8:  SFN mod radioFrameAllocationPeriod = radioFrameAllocationOffset 
For Rel 9: SFN mod radioFrameAllocationPeriod = radioFrameAllocationOffset and (SFN mod 32) div radioFrameAllocationPeriod < 32 / radioFrameAllocationPeriod – radioFrameAllocationExcluded
 is satisfied. Value n1 for radioframeAllocationPeriod denotes value 1, n2 denotes value 2, and so on. When fourFrames is used for subframeAllocation, the equation defines the first radio frame referred to in the description below. Values n1 and n2 are not applicable when fourFrames is used. 

	radioFrameAllocationComposite
Used to jointly signal radioFrameAllocationOffset and radioFrameAllocationExcluded (see radioFrameAllocationPeriod). 

Network signals radioFrameAllocationComposite as the value of the expression


radioFrameAllocationExcluded * min{8, radioFrameAllocationPeriod} + radioFrameAllocationOffset.

From the values of radioFrameAllocationPeriod and radioFrameAllocationComposite, the UE extracts

radioFrameAllocationOffset = radioFrameAllocationComposite mod min{8, radioFrameAllocationPeriod }, and

radioFrameAllocationExcluded = radioFrameAllocationComposite div min{8, radioFrameAllocationPeriod }.
radioFrameAllocationExcluded 
Defines how many of the frames defined by {radioFrameAllocationPeriod, radioFrameAllocationOffset} are excluded in every 32-frame period, counting from the end.
With given radioFrameAllocationPeriod,
radioFrameAllocationOffset 
has value range [0, …, min{8, radioFrameAllocationPeriod }-1], and

radioFrameAllocationExcluded 
has value range [0, …, max{0, (32/(2*radioFrameAllocationPeriod)-1)}].

radioFrameAllocationOffset and radioFrameAllocationExcluded are jointly signalled in radioFrameAllocationComposite


Table 2: Compare the two alternative signalling of offset and Q
	Two alternative usage of Q
	Signalling  overhead
	Modification on the current SAP
	Note

	Separate offset and Q
	4 bits
	Less
	This method need more bit overhead, however it modifies current SAP less.

	Joint signalling of Offset and Q
	1bit
	More
	This method need only 1bit overhead, however it modifies current SAP more.


From the analysis in the above table 2, we suggest RAN2 to select one option.
Propose 2: We propose to select one of the alternative solutions.

2.4. Background compatibility analysis
In this paper, the added parameter Q cuts off a certain subframes from the end of MBSFN subframes defined in a SAP, which just influences on Rel9 and beyond UE. Because Rel8 UE will ignore the parameter Q and still will use all subframes in SAPs as MBSFN subframes, while Rel9 and beyond UE will use the parameter Q and will know part subframes in SAPs as MBSFN subframes. 
In short, network can decrease the over-allocated MBSFN subframes and reuse them into unicast transmission, moreover the modification method on the reuse of over-allocated MBSFN subframes is done by higher layer signalling, e.g. modified SAP in SIB2, other than physical layer.
3 Conclusion

In this contribution, we propose that the over-allocated MBSFN frames should be reused by adding a new parameter Q. 
Proposal 1: We propose to reuse the over-allocated MBSFN subframe.

Give the parameter Q, we have shown how to get rid of the radio-frame over-allocation problem present in the current SAP in SIB2.
Proposal 2:  We propose to select one of the alternative solutions.
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