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1 Introduction

In this paper we identify a number of remaining open issues relating to MBSFN transmission, mainly regarding dedicated MBSFN carriers. 

2 Background

First, for clarity, we understand an MBSFN subframe to be defined as follows:

· A subframe in which MBSFN reference symbols are transmitted.

Note that this does not require any definition of how many cells are contained in an MBSFN area; indeed there may be just one, and this information does not need to be known by the UE. 

The following characteristics are also associated with MBSFN subframes:

· The extended cyclic prefix is used.

· On a mixed carrier, cell-specific reference symbols are transmitted in the first (and second if configured) symbols of each subframe, and not in other symbols.

· Downlink resource allocation in MBSFN subframes is not carried out by PDCCH (this is instead done by higher layers (via an MCCH)).

In addition, in RAN1#48 the following working assumption was made:

“Multiplexing of MCH corresponding to different MBSFN areas within a subframe is not allowed, implying the need for only a single set of MCH-associated reference symbols in each subframe.”

And in RAN1#51 the following was agreed:
“PMCH shall not be transmitted in subframes 0 and 5 on a carrier supporting a mix of PDSCH and PMCH transmission”

Note that according to TS36.300, a single cell may belong to multiple MBSFN areas, and different MBSFN areas may overlap. 

Regarding MBSFN dedicated carriers, TS36.300 specifies that an MBSFN dedicated cell has no uplink. Therefore there is no PHICH and no uplink resource allocation signalling on PDCCH. Note, however, that the PBCH is still needed in MBMS dedicated cells, as it indicates (inter alia) the system bandwidth and number of transmit antennas. 

3 Open Questions

With this background, we identify the following open questions:

1. Are any cell-specific reference symbols transmitted on a dedicated MBSFN carrier? 

2. How are subframes #0 and #5, where PBCH and synchronisation signals are transmitted, used for MBSFN transmission on a dedicated MBSFN carrier?

3. Does the working assumption from RAN1#48 that MBSFN transmissions from different MBSFN areas cannot be multiplexed within the same subframe also apply to dedicated MBSFN carriers? 

4. What control signalling is transmitted in MBSFN subframes?

4 Discussion of open questions

4.1 Are any cell-specific reference symbols transmitted on a dedicated MBSFN carrier? 

The answer to this question is related to the transmission of the PBCH, as the potentially-cell-specific data transmission on an MBSFN carrier is the PBCH. Thus the only purpose of cell-specific RS would be as phase reference for a cell-specific PBCH. 

In [1] it is observed that the PBCH does not have to be cell-specific on a MBSFN dedicated carrier, although the existence of overlapping MBSFN areas may mean that in practice the PBCH (and possibly also a Primary-MCCH) extend over only one cell. The main question here is not how many cells the PBCH is transmitted from (as there is no reason why an MBSFN with MBSFN RS cannot consist of just one cell), but whether MBSFN RS can be used as the phase reference for PBCH. 

If MBSFN RS can be used as the phase reference for PBCH, then there is no need for cell-specific RS on MBSFN dedicated carriers. In that case the PBCH transmission area would always correspond to an MBSFN area. However, to enable this, the UE would either have to detect that the cell was dedicated MBSFN, or else be informed by another signalling means. One example is given in [1], where an additional PSC sequence is proposed, but this would require an additional correlator in the UE and therefore seems prohibitively expensive. Another alternative would be blind detection of an additional P-BCH format.

We therefore propose that the following is adopted:-

· The PBCH transmission area may or may not correspond to an MBSFN area. Then RS should be transmitted in the 1st (and possibly 2nd) cell-specific reference symbol positions on MBSFN dedicated carriers. However, they would not necessarily be cell-specific; they should be transmitted from the same set of cells as the PBCH.  The UE should also be able to assume that the PSC and SSC are transmitted from the same set of cells as the PBCH, in order to assist with channel estimation for the PBCH.

4.2 Can subframes #0 and #5 be used for MBSFN transmission on an MBSFN dedicated carrier?

On a dedicated MBSFN carrier, forbidding transmission of MBSFN data in subframes 0 and 5 would result in significant resource wastage, especially in high-bandwidth cells. It is unlikely that there would be sufficient cell-specific MBMS control signalling to fill a whole subframe in a 20MHz cell. Even if PBCH on dedicated MBSFN carriers is transmitted as a kind of MBSFN transmission itself (as discussed in [1] and in section 4.1 above), it is likely to have a smaller MBSFN area than most of the other MBSFN transmissions, and therefore if data from different MBSFN areas cannot be multiplexed in the same subframe significant resource wastage will still occur. 

Therefore we propose that in subframes 0 and 5, FDM is possible between different MBSFN areas on a dedicated MBSFN carrier. This is illustrated in Figure 1.
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Figure 1: Example of multiplexing in subframes 0 and 5 on a dedicated  carrier

Note that it would be possible to specify that the MBSFN area corresponding to the P-BCH transmission extends beyond the central 6 RBs, for example to cover the central 8 RBs, so that RS in the adjacent RBs can be used for channel estimation for the P-BCH. 

4.3 Can MBSFN transmissions from different MBSFN areas be multiplexed within the same subframe on a dedicated MBSFN carrier? 

As discussed above, as a minimum it is useful to allow multiplexing of MBSFN transmissions from different MBSFN areas in subframes 0 and 5 on a dedicated MBSFN carrier, at least for efficient support of PBCH.
The maximum number of MBSFN areas multiplexed within a subframe should not be greater than 2. The final decision here may depend on the outcome of RAN2’s discussions on MCCH structure, as the existence of low-rate MCCHs corresponding to a single cell would be inefficient unless at least some FDM can be used. 

4.4 What control signalling is transmitted in MBSFN subframes?

4.4.1 Dedicated MBSFN Carrier

It has been noted above that on a dedicated MBSFN carrier there is no PHICH and no uplink resource allocation signalling on PDCCH, and also that downlink resource allocation is not carried out by PDCCH as it is instead done by higher layers (via an MCCH). Therefore we assume that no physical layer control channels are sent on a dedicated MBSFN carrier. There is also therefore no need for PCFICH or equivalent signalling. 

4.4.2 Mixed carrier

On a mixed carrier, PDCCH is not needed for downlink resource allocation in MBSFN subframes, but PDCCH may still be needed for uplink resource allocation during MBSFN subframes.

Therefore we consider two possibilities:

· PDCCH is transmitted for uplink resource allocation in MBSFN subframes, in the same way as for non-MBSFN subframes. 

· There is no PDCCH in MBSFN subframes, but uplink resources simultaneous with MBSFN subframes may be allocated by using the PDCCH in a non-MBSFN subframe. The PDCCH message would need to include a time offset to indicate the appropriate subframe.  

Similar possibilities could apply for the PHICH.

In case of the first possibility (PDCCH is transmitted in MBSFN subframes for UL resource allocation), the PCFICH information is needed in relation to MBSFN subframes; in practice this could be transmitted on a PCFICH in the MBSFN subframes, or alternatively broadcast. 

5 Conclusions

We have summarised the current state of agreements and some open issues regarding MBSFN transmission. 

We propose:

· RS should be transmitted in the 1st (and possibly 2nd) cell-specific reference symbol positions on MBSFN dedicated carriers, in the central 8 RBs. However, they should not necessarily be cell-specific; they should be transmitted from the same set of cells as the PBCH.  

· The UE should also be able to assume that the PSC and SSC are transmitted from the same set of cells as the PBCH, in order to assist with channel estimation for the PBCH.

· At least in subframes 0 and 5, FDM should be possible between different MBSFN areas on a dedicated MBSFN carrier. In these subframes, the MBSFN RS pattern (antenna port 4) would only be transmitted in the resource blocks outside the central area. 
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