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1 Introduction

This document discusses a further eMBMS control plane detail, namely the signalling of the subframe allocation patterns (MSAP). The proposal is to adopt a signalling approach that is based on the assumption that within the allocation period subsequent subframes are allocated to one (P)MCH i.e. to avoid excessive interleaving of (P)MCH within the allocation period.
2 MCH Subframe Allocation Pattern (MSAP)
Subframe pool reserved for future use (SP-RF)
SIB2 indicates which subframes could posssibly be used for MBSFN i.e. we can refer to this as the subframe pool reserved for future use (SP-RF). The SP-RF, specified by the field mbsfn-SubframeConfigList in SIB2, is defined by means of a list of Subframe Allocation Patterns (SAPs). See the following ASN.1 extract:
MBSFN-SubframeConfigList ::= 

SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-SubframeConfig

MBSFN-SubframeConfig ::=


SEQUENCE {


radioframeAllocationPeriod


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


radioframeAllocationOffset


INTEGER (0..7),


subframeAllocation




CHOICE {



oneFrame






BIT STRING (SIZE(6)),



fourFrames






BIT STRING (SIZE(24))


}

}

Subframe pool allocated to MBSFN (SP-AM)
A subset of the SP-RF may be allocated to MBSFN. This subset is referred to as the Subframe pool allocated to MBSFN (SP-AM). It is assumed that only the UEs supporting MBSFN need to be aware of this subset i.e. the SP-AM may be indicated on MCCH. In case there are multiple MBSFN areas, each MBSFN area has its own MCCH as well as its own (disjunct) subset or subframes allocated. In other words, MCCH includes the subset of subframes allocated to MBSFN and applicable for the MBSFN area applicable for this MCCH. Hence, hour proposal is as follows:

Proposal 1
MCCH indicates which subset of the subframe pool reserved for future use, as indicated in SIB2, are allocated to MBSFN and applicable for the MBSFN area applicable for this MCCH
In previous discussions questions were raised regarding the granulatiry of the current subframe allocation patterns included in SIB2. The issue was acknowledged, but it was felt that this could be addressed as part of the MCCH signalling. Although we are reluctant to introduce additional complexity, we can agree that a somewhat finer granularity seems desirable. A simple solution would be to specify that more than one SAP as include in SIB2 may be allocated to an MBSFN area. The principle is illustrated by an example, see fig. 1, in which two SAPs are used to allocate 1.5 subframes per radio frame. Note that in fig. 1 light green indicates subframes that can be allocated to MBSFN while dark green indicates the subframes that are actually allocated to MBSFN. More specifically, the details of the SIB2 SAPs are as follows:

· first SAP: allocationPeriod n1, offset 0, subFrameAllocation of type oneFrame set to '000100' i.e. subframe 6 in every radio frame
· second SAP: allocationPeriod n2, offset 1, subFrameAllocation of type oneFrame set to '001000' i.e. subframe 3 in every uneven radio frame
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Fig. 1: Example of finer granularity by using multiple SAPs

So, we furthermore propose:

Proposal 2
More than one of the SAPs included in SIB2 may be allocated to a particular MBSFN area i.e. this may be indicated by means of a list of booleans.

The two proposal included in the previous are further illustrated by means of an example in which on average 1.5 subframe per radio frame is allocated for MBSFN (as in fig. 1), while 1 subframe in each radio frame is allocated for other purposes e.g. relaying (marked grey in fig. 2)
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Fig. 2: Allocation of 1.5 subframes per radio frame to a given MBSFN area & 1 subframe per radio frame to relaying

How to signal the MCH subframe allocation pattern (MSAP)
The analysis in this document is based on the assumption that multiple MCH are supported, in which case EUTRAN needs to indicate which of the subframes allocated to an MBFSN area apply for a given MCH i.e. it needs to signal an MSAP for each (P)MCH.

Considering that:

· From a UE power consumption perspective, it is desirable to allocate subframes to an MCH that are 'as consecutive as possible' (i.e. typically a UE is interested to receive only a single service an hence in a single MCH)
· Correspondingly, it would be desirable to avoid excessive inter-leaving of MCHs within an MSAP occasion. A bad example is shown in Fig.3, where the available subframes in an allocation period of 4 radio frames are divided between two (P)MCH, one marked yellow and one marked pink, while the MSAP occasion duration is 64 radio frames. The example is merely used to show that, when dividing resources between (P)MCHs, it is desirable to use an allocation period with a similar value range as the MSAP occasion duration.
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Fig. 3: Excessive interleaving of MCHs in case MSAP allocation period much shorter than MSAP occasion duration
· In case HARQ repetitions would be used, support of distributed allocations could be beneficial (because of the additional time-diversity. However, the current working assumption is to avoid the associated complexity considering the limited gains
· For the MSAPs a somewhat finer level of granularity compared to the SAPs currently defined in SIB2 is considered to be required. Use of a larger allocation period automatically increases the granularity

· For a concentrated allocations, the signalling can be simple. In particular, in case subsequent subframes are allocated to one MCH it is sufficient to signal a single parameter for each MCH i.e. a start, a size or an end

Our proposal is as follows:

Proposal 3
An allocation period is configured that is common for all (P)MCH of an MBSFN area, which can have a value range that is in the same order as the value range of the duration of the MSAP occasion.

According to proposal 1, the subframe pool allocated to this MBSFN area may include SIB2 SAPs with different allocation periods. Since these allocation periods are powers of 2, the largest value of the concerned allocation periods defines the repetition period of the pattern for the subframe pool allocated to MBSFN. E.g. in case the SP-AM is defined by means of one pattern with an allocationPeriod of n16 and one with an allocationPeriod of n32, the combined pattern repeats every 32 radio frames. The common allocation period should be a multiple of this value.
Furthermore, it should be noted that the MSAP occasion duration is specific to an MCH. E.g. for one MCH scheduling information may be provided every 320ms while it is provided every 640ms for another MCH. In such a case, the common allocation period should preferrably be set to the lowest MSAP occasion duration value; it could be set to a lower value but this will result in more (P)MCH inter-leaving, as discussed before. This example is illustrated by the fig. 4, which shows that:

· (P)MCH-1 has an MSAP occasion duration of 320ms, marked light blue in the figure while its scheduling information is marked dark blue

· (P)MCH-2 has an MSAP occasion duration of 640ms, marked light yellow in the figure while its scheduling information is marked darker yellow

· within an allocation period of 320ms the subframes are divided between two MCH, so that every 320ms there are resources are available to be scheduled dynamically for (P)MCH-1
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Fig. 4: Example with two MCH having different MSAP occasion durations
Based on this analysis, our proposal is as follows:

Proposal 4
Each (P)MCH uses a configurable number of subsequent subframes, out of the set allocated to the concerned MBSFN area. Consequently, only a single parameter needs to be signalled for each (P)MCH i.e. a start, a size or an end

Finally, the proposals included in the previous are further illustrated by means of a similar example, now showing some more details on the subframe allocation. The characteristics are largely the same as used in previous examples, namely:

· On on average 1.5 subframe per radio frame is allocated for MBSFN (as in fig. 1), while 1 subframe in each radio frame is allocated for other purposes e.g. relaying (as in fig. 2)
· There is a single MBSFN area, while 2 (P)MCH are used

· The MSAP occasion duration of the first (P)MCH is set to 320ms, while the second (P)MCH applies an MSAP occasion duration of 640ms. The common allocation period, i.e. used for the MSAPs of both (P)MCH defined for this MBSFN area is set to 320ms.

· Within the common allocation period, 48 subframes allocated to MBSFN. Of these, the first 27 are allocated to the first (P)MCH (light blue), while the remaining 21 are allocated to the second (P)MCH (light yellow)
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Fig. 5: Example with showing subframe allocation details
Summary of fields used to signal the MSAP

The proposals in the previous result in the following signalling parameters:

· Common for the MBSFN area:

· Variable size list of booleans indicating which SIB2 SAPs are allocated for this MBSFN area (3- 11b)
· Common allocation period (4b)

· Per MCH:
· One parameter e.g. start subframe (12b in case allocation period is upto 640ms or less, depending on the desired granularity)
3 Conclusion & recommendation
This paper includes the following proposals, that RAN2 is requested to conclude:

Proposal 1
MCCH indicates which subset of the subframe pool reserved for future use, as indicated in SIB2, are allocated to MBSFN and applicable for the MBSFN area applicable for this MCCH

Proposal 2
More than one of the SAPs included in SIB2 may be allocated to a particular MBSFN area i.e. this may be indicated by means of a list of booleans.

Proposal 3
An allocation period is configured that is common for all (P)MCH of an MBSFN area, which can have a value range that is in the same order as the value range of the duration of the MSAP occasion.

Proposal 4
Each (P)MCH uses a configurable number of subsequent subframes, out of the set allocated to the concerned MBSFN area. Consequently, only a single parameter needs to be signalled for each (P)MCH i.e. a start, a size or an end
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