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1
Introduction
In RAN2#62bis in Warsaw, the signalling method as captured in [8] was agreed for the allocation of MBSFN subframes. One concern recognized with this scheme is its limitations in the MBSFN resource allocation granularity. In RAN2#63 an improvement proposal was seen in [9], and this contribution continues the discussion and concludes with a modified proposal.  

2
Current limitations in allocation granularity
The current scheme allows allocating one or more allocation units, where each unit consists of anyting between 1 and 7 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 such allocation unit is limited to all the pairwise products from the sets {1,…,7} 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 42 possible combinations only yield 27 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
	7

	Radio frames per 320ms
	MBSFN subframes per 320ms:

	1
	1
	2
	3
	4
	5
	6
	7

	2
	2
	4
	6
	8
	10
	12
	14

	4
	4
	8
	12
	16
	20
	24
	28

	8
	8
	16
	24
	32
	40
	48
	56

	16
	16
	32
	48
	64
	80
	96
	112

	32
	32
	64
	96
	128
	160
	192
	224


Therefore, an operator having estimated some required rate of MBSFN subframes for their MBMS service(s) is limited to choosing from these 27 values per allocation unit, and naturally has to choose an allocation that matches or exceeds the required rate, the latter case implying that MBSFN subframes have to be overallocated. Figure 1 shows the required overallocation in terms of both subframes and completely unused radio frames, assuming that only one allocation unit is used: in summary, assuming that the required rate of MBSFN subframes is random and uniformly distributed between 1 and 160 per 320ms (the maximum being chosen as 50% of all subframes of the carrier), there are on average 6.975 subframes reserved but always unused every 320ms, and 1.025 radio frames every 320ms are reserved but never contain any MBSFN data.
 (It is easy to see from Figure 1 that accounting for also greater required rates of MBSFN subframes would make these statistics even higher.)
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Figure 1: Overallocation needed when using only one allocation unit, 
as a function of the estimated rate of MBSFN subframes actually required
The granularity can be significantly improved by using combinations of more than one allocation units, but the cost is the 9 bits required to signal each allocation unit.

3
Possible improvements
3.1
Previous proposal
The proposal in [9] is to signal an additional parameter Q using anything between 3 to 5 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
3.2
Alternative meaning of Q
If the new parameter Q was used instead to signal, 
how many frames from the end (in every 32-frame period) 
of the reservation implied by {Period, Offset}are always unused,
then with a given value of Period, only values of Q up to max{0, (32/(2*Period)-1) } would need to be considered, because Q=32/(2*Period) already reserves the same number of frames as doubling Period and having Q=0. With Period=1, this would mean a maximum value of 15 for Q.

For efficient signalling of Q, the above observation can be combined with the fact that with a given value of Period, only values of Offset up to (Period-1) ever come into question.

Therefore, with the different possible values of Period, the value ranges of Offset and Q needed to be able to reserve anything between 1 and 32 frames per 320ms are as follows:
Period

Offset

Q

32


[0,..,7]

[0]

16


[0,..,7]

[0]

8


[0,..,7]

[0,1]

4


[0,..,3]

[0,…,3]

2


[0,1]

[0,..,7]

1


[0]


[0,…,15]
It can be seen that with any given value of Period, all combinations of Offset and Q always require at most 16 code points and can hence be jointly signalled using 4 bits (as opposed to the 3 bits currently used for Offset). In fact, this is the case even if the value range of Offset was to be extended to [0,…,15] when applicable. The rest of this section assumes that this is not done, but this option is discussed again in Section 4.
3.3
Joint signalling of Offset and Q
From the above value ranges it can be observed that given the value of Period, the value range of Offset is always 
[0, …, min{8,Period}-1]. Utilizing this fact, 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).

3.4
Modified condition for applicable radio frames
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.
3.5
Allocation granularity in modified approach
Figure 2 is the equivalent of Figure 1, assuming the above modifications. Obviously, there are now no reserved but always completely unused radio frames. Assuming the random and uniformly distributed required rate of MBSFN subframes between 1 and 160 per 320ms, there is now on average 0.425 subframes reserved but always unused every 320ms.
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Figure 2: Overallocation needed when using only one allocation unit, as a function of the estimated rate of MBSFN subframes actually required. Modified parameter Q adopted.
4
Conclusion
In this contribution, we have shown how to get rid of the radio-frame over-allocation problem present in the current 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.

Proposal 1: We propose to adopt the presented approach. A corresponding text proposal to [5] is below.

As mentioned in the end of Section 3.2, this modification would also allow the added benefit of extending the value range of Offset to [0,…,15] when applicable, at no additional cost. This would allow having twice the number of parallel allocations with Period of 16 or more. The only modification required in the formulas in Section 3 (and the below text proposal) would be to replace the term min{8, Period} with min{16, Period}.


Proposal 2: Discuss whether to also allow values of Offset up to 15.

Beginning of Text Proposal
–
SystemInformationBlockType2

The IE SystemInformationBlockType2 contains radio resource configuration information that is common for all UEs.

NOTE 1:
UE timers and constants related to functionality for which parameters are provided in another SIB are included in the corresponding SIB.

NOTE 2:
It is FFS whether Uplink EARFCN should be moved to SIB 1. This relates to the discussion on UE capability for variable TX-RX frequency separation.

SystemInformationBlockType2 information element
-- ASN1START

SystemInformationBlockType2 ::=

SEQUENCE {


accessBarringInformation


SEQUENCE {



accessBarringForEmergencyCalls

BOOLEAN,



accessBarringForSignalling


AccessClassBarringInformation
OPTIONAL,
-- Need OD



accessBarringForOriginatingCalls
AccessClassBarringInformation
OPTIONAL
-- Need OD


}

OPTIONAL,
















-- Need OD


radioResourceConfigCommon


RadioResourceConfigCommonSIB,


ue-TimersAndConstants



UE-TimersAndConstants,


frequencyInformation



SEQUENCE {



ul-EARFCN






INTEGER (0..maxEARFCN)


OPTIONAL,
-- Need OP



ul-Bandwitdh





ENUMERATED {












n6, n15, n25, n50, n75, n100, spare10, 













spare9, spare8, spare7, spare6, spare5, 













spare4, spare3, spare2, spare1},



additionalSpectrumEmission


INTEGER (0..31)


},


mbsfn-SubframeConfiguration


MBSFN-SubframeConfiguration


OPTIONAL,

...

}

AccessClassBarringInformation ::=
SEQUENCE {


accessProbabilityFactor



ENUMERATED {











p00, p05, p10, p15, p20, p25, p30, p40,











p50, p60, p70, p75, p80, p85, p90, p95},


accessBarringTime




ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},


accessClassBarringList



AccessClassBarringList
}

AccessClassBarringList ::=


SEQUENCE (SIZE (maxAC)) OF SEQUENCE {


accessClassBarring




BOOLEAN

}

MBSFN-SubframeConfiguration ::= 
SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF SEQUENCE {


radioframeAllocationPeriod


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


radioframeAllocationComposite

INTEGER (0..15),


subframeAllocation




INTEGER (1..7)

}

-- ASN1STOP

Editor's note:
The extension mechanisms in this system information block are FFS.

	SystemInformationBlockType2 field descriptions

	accessBarringForEmergencyCalls

Access class barring for AC 10.

	accessBarringForSignalling

Access class barring for mobile originating signalling

	accessBarringForOriginatingCalls

Access class barring for mobile originating calls

	accessProbabilityFactor

If the random number drawn by the UE is lower than this value, access is allowed. Otherwise the access is barred.

	accessBarringTime

Mean access barring time in seconds.

	accessClassBarringList

Access class barring for AC 11-15. First in the list is for AC 11, second in the list is for AC 12, and so on

	ul-EARFCN

Default value determined from default TX-RX frequency separation defined in [36.101]

	ul-Bandwidth

Parameter: Uplink bandwidth [36.101]. Value n6 corresponds to 6 resource blocks, n15 to 15 resource blocks and so on

	additionalSpectrumEmission

Defined in [36.101]

	mbsfn-SubframeConfiguration

Defines the subframes that are reserved for MBSFN in downlink

	radioFrameAllocationPeriod
Radio-frames that contain MBSFN subframes occur when the conditions


SFN mod radioFrameAllocationPeriod
 = radioFrameAllocationOffset, and


(SFN mod 32) div radioFrameAllocationPeriod < 32 / radioFrameAllocationPeriod – radioFrameAllocationExcluded 
are satisfied. n1 denotes value 1, n2 denotes value 2, and so on.
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 

	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 }.

	subframeAllocation

Number of MBSFN subframes within a radio frame carrying MBSFN. The MBSFN subframes are allocated from the beginning of the radio-frame in consequtive order with the restriction that only those subframes that may carry MBSFN are allocated: subframes 0 and 5 are not allocated; subframe 4 is not allocated (FDD); subframes 1, 6 and uplink subframes are not allocated (TDD)


End of Text Proposal
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� In the cases where several combinations could be chosen to achieve a given rate, the combination that minimized the number of reserved radio frames was always chosen.


� Graphical interpretation: after writing the (beginning of the) sequence 0,…,15 in increasing order into a table where Q indexes the row and Offset indexes the column (there are known to be min{8,Period} columns in total), the number in the cell at given row Q and column Offset equals X. 





