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1 Introduction

At RAN2#67 and email discussions for MBMS control plane, several options related to the MBMS subframe allocation configuration on BCCH and MCCH are proposed. In this contribution, we provide further discussion to increase the understanding and speed up decision making for MBMS control plane.
2 Discussion

2.1 Extension of MBSFN-SubframeConfigurationList in SIB2

Currently, the subframes indicated in the MBSFN-SubframeConfigurationList in SIB2, also defined as SIB2 subframe allocation pattern (SAP) set or subframe pool as referred to in [3], are simply ignored by Rel-8 UEs. In future releases, these subframes are not only supposed to be used for MBSFN transmission, but also for relaying, positioning and possibly other future purposes. Since the number of configurations in the MBSFN-SubframeConfigurationList is restricted by maxMBSFN-Allocations = 8 according to [1], there should be multiple SIB2 SAP sets to provide sufficient flexibility. Furthermore, it should be possible to separate the subframe configuration for MBSFN and other purposes. 
Proposal 1: Use multiple MBSFN-SubframeConfigurationLists in SIB2 (SIB2 SAP sets).

· Separation of SIB2 subframe configurations into several sets allows simplified configuration of MCH subframe allocation pattern (MSAP) that is not part of SIB2. The overhead in SIB2 only increases with the number of SIB2 subframe configurations.
· Rel-8 UEs have to read multiple SubframeConfigurationLists.

· SAPs reserved for e.g. MBSFN cannot be flexibly used for relaying, even if they are not allocated by any MCH.
UEs of future releases should be able to extract the information they need. In other words, it should be possible for them to ignore those subframes that they do not further need to use. In order for the UEs to distinguish between the purposes for which the subframe allocations are used, we should consider extending SIB2 SAP introducing a classifier at the cost of slightly increased overhead as already proposed in [2].
Proposal 2: Extend MBSFN-SubframeConfigurationList with one or two bits to indicate a purpose (MBSFN, relaying, positioning and other future use), so that non-MBMS UEs know which subframes they can simply ignore. 
2.2 New SIB for MBMS specific configurations

At RAN2#66bis, it was agreed to create a new SIB to carry MBMS information, such as the MCCH subframe allocation. 
2.2.1 MCCH subframe allocation

In [4], two options are discussed how to specify MCCH subframe allocation out of the MBSFN-SubframeConfigurationList:
· by means of a bitmap, i.e. an MCCH can use “non-subsequent” subframes

· MCCH can be easily found without knowing SIB2 SAPs

· by means of size, i.e. MCCH uses “subsequent” subframes

· requires only few bits, even if MCCH is spread over multiple radio frames

· requires knowledge of SIB2 SAPs, but processing is expected to be negligible
Since the subframes in the SIB2 SAP set are currently shared for different purposes, either option may constrain the use of the subframes for other purposes than MBMS. Therefore, predefining the use of SIB2 SAPs as suggested in proposal 2 and using subframes only within the SIB2 SAP set configured for MBMS would avoid these conflicts.
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Figure 1: Interleaving two MCHs using “non-consecutive” subframes by defining different MSAPs [3]
Assuming the rare case in the following examples that the MCCH requires two subframes, the size would always equal 2, while bitmap can look differently.
Example 1: SIB2 SAPs include SAPs {1,2,3}

Option 1) bitmap: 110000 (use subframes from SAP(1) and SAP(3) as illustrated in Figure 1; same subframe allocation if using size)
Option 2) bitmap: 010100 (use subframes from SAP(3) only)
Bitmap provides the flexibility to choose any subframes from the SIB2 SAPs as exemplified by e.g. options 1 and 2, so that using subframes from sparsely allocated SAPs, here SAP(1), can be avoided. Instead, subframes from SAPs with more allocations, here exemplified by option 2, are used. Since the assumed MCCH transmission period is expected to be rather large, this advantage may play a minor role though. 

In [5], most companies prefer sending MCCH ( DSI ( MTCH in the given order if they are all carried on the same MCH. The reason for choosing this order is to obtain control information that is necessary for further reception. The same should be valid if MCCH is not transmitted on the same MCH. If the MSAP configuration is transmitted on MCCH, receiving MCCH would be essential. Therefore, MCCH should be transmitted as early as possible. Therefore, using a bitmap would become unnecessary. Furthermore, the transmission of MCCH on “subsequent” subframes decreases the delay of decoding of control information. However, we should note that MCCH decoding is expected to require 1-2 radio frames.
Example 2: SIB2 SAP includes SAP {2} only

· bitmap (fourFrame): 001000 001000 000000 000000
Using bitmap requires specification with fourFrame, while size would automatically allocate subframes #3 in the subsequent radio frames. However, we think that MCCH requires more than one subframe only in narrow bandwidth deployment and if there is a large number of services with very low data rates. This scenario seems rather unrealistic and consequently, there will probably be no need of using fourFrame instead of oneFrame. Nevertheless, we cannot guarantee that the MCCH can be transmitted in one single subframe. 
Proposal 3:Use a bitmap to define the MCCH subframe allocation.
2.3 Structure of MSAP
In [3] and [4], the use of a single subframe pool per MBSFN area is proposed. This means that identical MSAPs would be used for all MCHs within the MBSFN area rather than separating them by different SAPs using a bitmap for each MCH. [3] and [4] propose that the MCHs are separated in the time domain using a larger scale. Consequently, each MCH can be defined by providing a
· bitmap (MSAP) using “non-consecutive” subframes as illustrated in Figure 2
· The use of a bitmap allows flexible configuration of the MCH to provide a larger gap between DSI and MTCHs. However, we do not expect long delays in decoding MAC CE.  

· Interleaving of MCHs increases time diversity. As illustrated in Figure 2, the MSAP is sparse, but the MCH is spread over the whole MSAP occasion. For services transmitted on MCH-1, the gap between the transmission of transport blocks is 40 ms. For MCH-2, there is a gap between “bursts”. Note that the efficiency of time diversity also depends on the configured allocation periods.
· start value using “consecutive” subframes based on a predefined MSAP as shown in Figure 3
· Only one MSAP is defined independent of the number of supported MCHs.

· Using only a start value for each MCH provides a simple configuration.

· Statistical multiplexing between all services can be supported by adapting the start values. Since the MCHs are defined in MBMS SIB or MCCH, the start positions can only change slowly, such that only minor gains can be expected.
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Figure 2: Interleaving two MCHs by defining different bitmaps / MSAPs (based on [3])
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Figure 3: Scheduling of two MCHs as proposed by [3] using MCH start and “consecutive” subframes
The SIB2 SAP set is the same in the examples of Figure 2 and Figure 3 and is defined as follows:

MBSFN-SubframeConfiguration(1) = {
radioFrameAllocationPeriod 
n4

radioFrameAllocationOffset
0

subframeAllocation

100000

}

MBSFN-SubframeConfiguration(2) = {

radioFrameAllocationPeriod 
n4
radioFrameAllocationOffset
2
subframeAllocation

100001
}

MBSFN-SubframeConfiguration(3) = {

radioFrameAllocationPeriod 
n4

radioFrameAllocationOffset
3

subframeAllocation

110000

}
Based on Figure 2 and Figure 3 and the SIB2 SAP set, the two MCHs would be defined as follows by using

· Bitmap: 

· MCH-1 defined by SAP(1); capacity: 16 subframes per MSAP occasion
· MCH-2 defined by SAP(2) and SAP(3); capacity: 64 subframes per MSAP occasion
· MCH start:

· MSAP defined by SAPs {1,2,3}; capacity 80 subframes available per MSAP occasion
· MCH-1 start = 1

· MCH-2 start = 17
Using MCH start provides finer granularity of the subframe allocation and multiplexing gains as provided in the following example. If e.g. 18 subframes are needed on average for MCH-1, and 61 subframes for MCH-2, we would have the following solution for

· Bitmap:
· MCH-2 would be defined as above, leaving three blank subframes

· MCH-1 would need an additional SAP with allocation period n32, one blank subframe
· MCH start:

· MSAP and MCH-1 as before

· MCH-2 start = 19, only one blank subframe

3 Conclusion

This contribution discusses options of subframe allocation for MBMS and which logical channel to use in order to provide different kinds of control information. Finally, we analyzed how to specify MCHs.
Proposal 1: Use multiple MBSFN-SubframeConfigurationLists in SIB2 (SIB2 SAP sets).

Proposal 2: Extend MBSFN-SubframeConfigurationList with one or two bits to indicate a purpose (MBSFN, relaying, positioning and other future use).

Proposal 3:Use a bitmap to define the MCCH subframe allocation.
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