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1
Introduction
It has earlier been agreed that MBSFN subframes for MBSFN transmission are always time division multiplexed with the unicast subframes. Also, it has been agreed that the PMCHs corresponding to different MBSFN areas are not multiplexed in the same subframe. So now, one of the remaining open issues is how to signal the MBSFN subframe allocation to the terminals. For channel estimation purposes - and also for measurement purposes - all UEs need to have the knowledge on which subframes are MBSFN subframes. In addition, for reliable neighbor measurements, the UEs need to have some knowledge about the MBSFN subframe allocation in the neighbor cells.
Thus, in this contribution we discuss the signalling of the MBSFN subframe allocations in both the serving and neighboring cells.
2
MBSFN subframe allocation in serving cell
In the RAN1 meeting in Kobe, it was decided that MBSFN subframe allocation will not be signalled in P-BCH, therefore we think that D-BCH (BCCH over DL-SCH) is the correct place for such information [1]. MCCH also is not a suitable channel for delivering this information since all UEs need the information and some UEs may not be interested in MBMS and actually may not even have the MBMS capability.
The MBSFN subframe allocation for serving cell has already been addressed in [2]

 REF _Ref165191535 \r \h 
[3]. However, we think that the very loose delay requirements of the MBMS traffic can be taken advantage of by defining the allocations so that UE power saving is ensured. This means enabling bursty allocations, i.e. having clusters of MBSFN subframes. At the same time, of course, unicast capacity must not be compromised and the rather strict delay requirements of unicast need to be considered. Signaling overhead is naturally one thing to be taken into account. Thus, fully flexible possibilities for the MBSFN subframe allocation are not really feasible and there is actually no reason to even have full flexibility in the allocation.
2.1
Signaling the allocation in D-BCH
Based on the above discussion, in the following we present one feasible possibility of signalling the MBSFN subframe allocation. Similarly to [3], we divide the radio frames into frames that do not contain any MBSFN subframes and radio frames that contain MBSFN subframes, here called "MBSFN frames" (note: Not all subframes of an MBSFN frame include mixed unicast/MBSFN information). Then, signalling of the overall allocation may be e.g. as follows:
· The MBSFN subframe allocation in each MBSFN frame is the same and signalled using Ns bits where Ns≤8 and Ns=8 means having full flexibility as eight subframes per radio frame can be used for MBSFN since subframes #0 and #5 have been ruled out. Note that as mentioned, having full flexibility is likely not needed since the control of the MBSFN resource allocation is anyway not in the base station, but in the multicell coordination entity (MCE) – or O&M in the lightweight architecture.
· The MBSFN frames are arranged in clusters if possible from unicast point of view. The signalling can be such that it also enables having a uniformly distributed allocation, which might be needed if the unicast load is expected to be heavy. So, the number of consecutive MBSFN frames is signalled using Nf bits, and the number of consecutive MBSFN frames could be e.g. 0…2Nf-1. The possible lengths of these clusters and thus the number Nf are FFS. 
· Finally, a repetition period is defined for these MBSFN frame clusters and that is signalled using Nr bits. The possible repetition periods and the required number of bits are FFS, but it should be taken into account that for mobile TV applications there is a requirement of a one second channel switching time. In order to fulfil this requirement, there should always be a complete decodable block (including possible outer coding) of TV stream within one second. This requirement may be taken into account in defining the maximum repetition period. Note also that the MBSFN frame cluster length and the repetition period are actually coupled together.
Figure 1 and Figure 2 show two examples what the allocation using this kind of signalling could look like.
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Figure 1. Example of a possible MBSFN subframe allocation where MBSFN frames form clusters of four frames. Each MBSFN frame contains four MBSFN subframes in this exemplary case. The repetition period may be fairly long in this case.
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Figure 2. Example of a more sparse allocation. Here only one MBSFN frame is transmitted at a time and the repetition period is a bit shorter.
Although this MCH subframe allocation pattern is defined in a semi-static manner, there should be a possibility of changing the allocation due to services starting and stopping. Therefore we would also like to define an "MBSFN subframe allocation modifying period" and signal that along with the actual allocation in D-BCH. The modifying period can be signalled e.g. as a multiple of the repetition period defined above. In addition to the MBSFN subframe allocation pattern and its modifying period, D-BCH needs to have the information of (primary) MCCH scheduling. The MCCH is the correct place for signalling the actual mapping of the MBSFN subframes to different MBSFN areas, the scheduling of different services etc., as that information is not needed by non-MBMS-capable UEs. Also the L1 parameters – such as the used modulation and coding schemes, corresponding PMCH scrambling codes, reference signals etc. - needed for MBMS reception should be signalled in MCCH. Other issues related to MCCH transmission are discussed in [4]. Note that signalling the mapping of the MBSFN subframes to different MBSFN areas may also be implicit depending on the final MBMS scheduling concept.
3
MBSFN subframe allocation in neighbor cells
In the RAN1 #49 meeting, it was agreed that two solutions to inform UEs about MBSFN/unicast allocation in neighbor cells are considered further:

· UE is informed by the serving cell whether the UE can assume that no MBSFN subframes are present in all neighboring cells

· UE is informed by the serving cell whether UE can assume that all neighboring cells have the same MBSFN subframe allocation as the serving cell
For simplicity, we further call these solutions an MBSFN presence and an MBSFN difference indicator respectively. In addition, it was decided that this information is not coveyed by means of the P-BCH. In this section, we outline our views on the location and the type of MBSFN indicators.
The MBSFN indicator is used to simplify/improve neighbor cell measurements; therefore, it is transmitted in both unicast only and in mixed unicast/MBSFN cells.
Furthermore, the MBSFN indicator can be used by UEs in RRC_Connected as well as by UEs in RRC_Idle. Based on these two points, we propose the MBSFN indicator is conveyed in the D-BCH (BCCH over DL-SCH), because this channel is present in both unicast only cells and in mixed cells and includes sytem information for both idle and connected mode UEs.

Assuming that only one bit is used per indicator the following interpretation at the UE can be assumed:
· MBSFN Presence Indicator:
· ON – UE can assume that  MBSFN sub-frames are present in some neighbor cell(s) (when and where is not known to the UE), therefore only RS resource elements (REs) in SCH sub-frames #0 and #5 and in the first OFDM symbols of other sub-frames can be measured.
· OFF - UE can assume that there is no MBSFN sub-frame in any neighbor cell, therefore all unicast RS REs can be measured.
· MBSFN Difference Indicator:
· ON – UE can assume that MBSFN sub-frame allocation in neighbor cells is different comparing to the allocation in the current serving cell, therefore only RS REs in SCH sub-frames #0 and #5 and in the first OFDM symbols of other sub-frames can be measured.
· OFF – UE can assume that the MBSFN sub-frame allocation in all neighbor cells is the same as the known MBSFN allocation in the current serving cell, therefore the same unicast RS REs as in the current serving cell can be measured in neighbor cells.
Although the effort to signal the indicator in a cell is the same for both the presence and difference indicator, the benefit of the MBSFN difference indicator is that it maximizes the number of measurement eligible RS resource elements as shown in Table 1. Especially UEs within the interior of an MBSFN area would benefit from an increased number of RS symbols available for neighbor cell measurements.

For the validity time of these indicators (which is FFS), we will have to take into account the periodicity of the corresponding D-BCH scheduling unit and also how fast a new MBSFN area can be configured.
The difference indicator would also depend on MBSFN sub-frame allocations of the cell i.e. the modification period for the signalling of the MBSFN sub-frame allocation as explained in section 2.
As the MBSFN sub-frame allocation must anyway be aligned between neighbor cells (e.g. cells within the same MBSFN area would have to use the same sub-frames, different MBSFN areas in the same geographical region cannot use the same sub-frames), we think that the difference indicator would cause not much extra signalling between eNode Bs and MCE or O&M.
Table 1 Usage of MBSFN indicators

	Scenario
	MBSFN presence indicator
	MBSFN difference indicator

	Unicast only
	OFF
	OFF

	Interior of MBSFN area(s)
	ON
	OFF

	MBSFN area at border with unicast area
	ON
	OFF (note: UE benfits at least in subframes where the serving cell has a unicast frame)

	Unicast area at border with MBSFN area
	ON
	ON

	Border of MBSFN areas
	ON
	ON (or OFF in case the other MBSFN area starting in the neighbor cell could use the same MBSFN subframe allocation)

	MBSFN reserved cell
	ON
	ON


Note: Measurements benefit in the case the indicators are OFF.
On the basis of the above analysis, we propose that only the MBSFN difference indicator is specified, because this indicator maximizes the number of measurement eligible RS resource elements.

4
Conclusion
Based on the discussion above, we propose that:
· MBSFN subframe allocation is signalled in the D-BCH.

· The MBSFN subframe allocation is such that the radio frames containing MBSFN subframes may form clusters in time. One possible allocation scheme, presented in section 2, is as follows:

· MBSFN subframe allocation in each MBSFN radio frame is the same

· MBSFN radio frame allocation is defined by the number of consecutive MBSFN radio frames in an MBSFN cluster and a repetition period of the cluster
· In addition a modifying period for this allocation is signalled in the D-BCH. Possible lengths of this period are FFS, but it is expected that the period may be long as it only needs to accommodate possible changes in the service offering.
· The scheduling of primary MCCH is signalled in the D-BCH as well as the L1 parameters needed to decode it (if not fixed). MCCH has the further information on how the reception of different MBMS services can be done – including the related L1 parameters.
· Only the MBSFN difference indicator is specified, it is superior to MBSFN presence indicator since it provides more RS measurement opportunities for the same over the air signalling effort to the UE.
· The MBSFN indicator is transmitted in the D-BCH because it can be used by RRC_Connected and RRC_Idle UEs in unicast and in mixed cells.
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