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1 Introduction

At 3GPP TSG-RAN #71, the WID "eMBMS enhancements for LTE" has been approved with the objective to "Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. (RAN2, RAN1)" [1].

The current allocation of MBSFN subframes is limited to subframes 1, 2, 3, 6, 7, 8 (FS1) and 3, 4, 7, 8, 9 (FS2). However, there are scenarios where an extended MBSFN subframe allocation is desirable, e.g., in case increased MBMS capacity is needed, e.g., to broadcast many TV channels or to broadcast high resolution content.
The upper limit of a 100% allocation is required when eMBMS is deployed on a supplementary downlink (SDL) carrier: in order to avoid wasting uplink capacity on an FDD uplink/downlink carrier pair, all eMBMS traffic could be concentrated on as few SDL carriers as possible. 
A 100% allocation of MBSFN subframes is especially needed when the targeted spectrum is restricted (by regulatory requirements) to broadcast services only, such as the UHF band.  
This document is largely based on [2]. Related RAN2 aspects are discussed in [4].
2 Discussion
The reason that subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) currently cannot be used for MBSFN is that they carry PSS/SSS/PBCH and paging. As MBMS allocations are full-bandwidth, i.e all PRBs are allocated, PSS/SSS/PBCH and paging messages cannot be frequency multiplexed with the PMCH.
Observation 1 When using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) as MBSFN subframes, PSS/SSS/PBCH and paging cannot be transmitted in these subframes.
3GPP Release 12 has defined the Discovery Reference Signal (DRS) as a burst of N <= 5 subframes every M subframes (M equals 40, 80, or 160) containing PSS/SSS/CRS/CSI-RS. DRS in Rel-12 are only supported for deactivated cells. 3GPP Release 13 has defined DRS for LAA on SCell. On an LAA SCell the UE shall not expect any reference symbols other than DRS and other than in PDSCH transmission bursts.

Transmitting PSS/SSS during DRS on cells with extended MBSFN subframe allocation would enable allocating subframes 0 and 5 (FS1) and subframe 1 and 6 (FS2) for MBSFN outside the DRS subframes. Hence we propose the following:
Proposal 1 A carrier with extended MBSFN subframe allocation transmits DRS in subframe #0 with a period of 40, 80 or 160ms, same as for Release 13 DRS for LAA. 
Furthermore, the same CP needs to be used for all PRBs in a subframe. Using the long CP of 16.7us on subframes 0 and 5 would imply to use it on all subframes, because the UEs derive the CP from the SSS. Using a long CP on unicast (normal non-MBSFN) subframes is, however, generally a waste of resources. 

Observation 2 SSS should be transmitted using the normal CP.

According to observation 2 and in order to re-use the already specified DRS functionality (and potential implementations), we propose the following:
Proposal 2 The DRS subframes are transmitted with 15kHz subcarrier spacing and normal CP even if MBSFN subframes are using a different subcarrier spacing and CP.

MBMS reception from an FeMBMS carrier using any of subframe numbers 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) shall als be possible by UEs in idle mode [1]. For this reason the MIB needs to be provided on the FeMBMS carrier. 
Proposal 3 MIB is provided by PBCH in DRS subframes

As the WID restricts the usage of the remaining non-MBSFN subframes for serving unicast only for UEs for which this cell is configured as SCell [1], we propose that the Rel-14 FeMBMS carrier does not support paging functionality for incoming calls [5]. Hence, on Rel-14 FeMBMS carrier any or all the downlink subframes outside the DRS occasions can be allocated to MBSFN; of course this excludes subframe #2 on a TDD carrier, which is an UL subframe in all TDD UL/DL configurations.

Legacy MBSFN subframes have a unicast control region of 1 or 2 OFDM symbols carrying the PCFICH, PHICH, PDCCH and CRS. Considering that the WID is addressing unicast in non-MBSFN subframes only for Scell, all unicast control signalling can be provided from the PCell. There is therefore no general need for a L1/L2 control region in MBSFN subframes in an Scell. 
With respect to MBMS control signalling there is only the MCCH change notification in the unicast control region.

Observation 3 On the FeMBMS carrier, the MCCH change notifications can be conveyed to the UE in DRS subframes.
Accordingly, the WID has objective to "Specify means of configuring MBSFN subframes without a unicast control region and cell-specific reference signals." [1].
3 Conclusion

In section 2 we made the following observations:
Observation 1
When using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) as MBSFN subframes, PSS/SSS/PBCH and paging cannot be transmitted in these subframes.
Observation 2
SSS should be transmitted using the normal CP.
Observation 3
On the FeMBMS carrier, the MCCH change notifications can be conveyed to the UE in DRS subframes.


Based on the discussion in section 2 we propose the following:
Proposal 1
A carrier with extended MBSFN subframe allocation transmits DRS in subframe #0 with a period of 40, 80 or 160ms, same as for Release 13 DRS for LAA.
Proposal 2
The DRS subframes are transmitted with 15kHz subcarrier spacing and normal CP even if MBSFN subframes are using a different subcarrier spacing and CP.
Proposal 3
MIB is provided by PBCH in DRS subframes
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