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1 Introduction

RAN1 has discussed eMBMS enhancements for LTE and reached the following conclusions:

Agreement:

· A single new numerology with a CP of at least 100us and core symbol duration of at least 400us is introduced for PMCH
· Working assumption that the CP length is 200us and core symbol duration of 800us.
· Link level results may be provided at RAN1#86bis.
· Working assumption then to be confirmed at RAN1#86bis.

Agreements in respect of at least objectives a, b and c:

· If a carrier is operated with 100%  MBSFN subframe allocation, the new CP length and legacy extended CP for 15kHz subcarrier spacing are supported
· It is understood that 100% MBSFN subframe allocation does not preclude some resources being set aside for e.g. cell search
· FFS: Any SI that may be needed on this carrier will also be broadcasted in these subframes 
· In these subframes, FDM between PMCH and other channels (potentially with a different numerology) is not precluded. 
· With the 100% MBSFN subframe confuguration, this carrier does not support unicast transmissions in the downlink
· This carrier can be configured without a unicast control region in a subset of the MBSFN subframes (including all of them) 
· The UE is not expected to receive PMCH with legacy extended CP for 15kHz subcarrier spacing in the MBSFN subframes without unicast control region
· The UE is not expected to receive PMCH with the new CP in MBSFN subframes with unicast control region 
· If a carrier is operated with less than 100% MBSFN subframe allocation, the new CP length and legacy extended CP for 15kHz subcarrier spacing are supported
· This carrier has at least subframes 0 and 5 of each radio frame as non-MBSFN subframes
· FFS: Further CRS reductions
· This carrier can be configured without unicast control region in a subset of the MBSFN subframes (including all of them) 
· The UE is not expected to receive PDSCH/(E)PDCCH in the MBSFN subframes without unicast control region
· The UE is not expected to receive PMCH with numerologies other than the new CP length in the MBSFN subframes without unicast control region
· The UE is not expected to receive PMCH with the new CP length in MBSFN subframes with unicast control region
· eMBMS enhancements do not require changes to any channels and signals needed for MBMS operation except PMCH and MBSFN-RS 
· FFS whether use of more REs, TTI extension and/or change in payload are needed for PBCH coverage enhancements.
RAN2 also discussed further eMBMS enhancement in RAN2#95 and send LS on their agreements to RAN1 asking RAN1 to take the below agreements into account.

Working Assumption:

1. For non-standalone case, Rel-14 FeMBMS carrier broadcasts MIB and all SI needed to receive FeMBMS transmission in Idle mode. Which of the necessary SI and contents are FFS.

Agreements:

1. The Rel-14 FeMBMS carrier does not support paging functionality for mobile terminating calls.


2. For non-standalone case, from RAN2 point of view, subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) can be used as MBSFN subframes for FS1 (FS2) in an eMBMS carrier. It is understood that 100% MBSFN subframe allocation allows for subframes to be set aside, for example, for cell search and broadcasting of necessary system information.

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 that the "…resources being set aside for e.g. cell search." mentioned in the RAN1#86 agreement are on DRS occassions. For cell search purpose DRS with 40ms period is sufficiently frequent.
Proposal 1 A carrier with extended MBSFN subframe allocation transmits DRS in subframe #0  with a period of 40ms.

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

On LTE carrier MIB and SIB1 have fixed scheduling periodicities. MIB is transmitted in subframe0# in every radio frame with 40ms periodicity, and SIB1 is transmitted in subframe5# with 80ms periodicity. It is clear that an FeMBMS carrier specified with respect of objectives a, b and c and which is operating on 100% MBSFN allocation needs changes on assumptions for MIB and SIB1 schedulings.

Observation 3 An FeMBMS carrier specified with respect of objectives a, b and c and which is operating on 100% MBSFN allocation needs changes on assumptions for MIB and SIB1 schedulings.
As both MIB and SIB1 periodicities are divisible of 40ms, it is natural to consider 40ms as a baseline candidate for periodicity for the “subframes to be set aside”. Options for broadcasting MIB in subframe#0 are

· keep legacy periodicity: No MIB repetitions

· keep legacy number of repetitions: MIB periodicity 160ms, repetitions every 40ms

If MIB is not repeated, this has an impact on the robustness, and MIB acquisition at cell border may not be possible. Accordingly the RAN1#86 agreement has:

· FFS whether use of more REs, TTI extension and/or change in payload are needed for PBCH coverage enhancements.
We believe that MIB acquisition time is not critical for an FeMBMS carrier, because for unicast it can be configured only as SCell and for MBMS the mobility is based on MBSFN. Therefore a MIB repetition every 40ms should be acceptable.
Legacy MIB contains systemFrameNumber, the 8 most significant bits of the SFN. The 2 least significant bits of the SFN are acquired implicitly in the PBCH decoding, If the FeMBMS MIB is sent once per 40ms and repeated 4 times, then the signalling of SFN has to be changed. If MIB is allowed to change only in SFN mod 16=0 then only the 6 most significant bits of the SFN need to be transmitted. The 4 LSBs of the SFN can then be deduced from the redundancy version of the MIB and the fact that MIB is transmitted only in SFN mod 4 = 0.
Proposal 4 On FeMBMS carrier the MIB transmitted in SFN mod 4 = 0 and can change only in SFN mod 16 = 0 and contains systemFrameNumber equal to the 6 most significant bits of the SFN.

The same subframes where MIB is broadcasted must be used for the system information broadcasting necessary for an idle mode UE to be able to receive eMBMS on this carrier as per the updated WID [1]. The consequence is that we need to change the subframe where content of SIB1 is scheduled on FeMBMS carrier.

Proposal 5 SI needed on FeMBMS is broadcasted on same subframes as MIB.

Legacy SIB1 is send on its own SI message which has fixed scheduling. Other SI can then be scheduled by SIB1 in a separate SI message that needs to be send in different subframe than SIB1 as there can be only one SI message per subframe. For FeMBMS the same principle can be reused that there is SI message 1 that schedules further SI messages. As the resources for broadcasting system information are sparser than on legacy carrier, the first SI message should not be scheduled in every DRS to have room for other SI messages. Figure 1 describes the principle.
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Figure 1 MIB and SI scheduling principle
Proposal 6 Take the design principle presented in Figure 1 as a baseline for SI broadcasting for FeMBMS carrier.

Further details on SI broadcasting can be found in our RAN2 companion paper [2].
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
An FeMBMS carrier specified with respect of objectives a, b and c and which is operating on 100% MBSFN allocation needs changes on assumptions for MIB and SIB1 schedulings.


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 40ms.
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
Proposal 4
On FeMBMS carrier the MIB transmitted in SFN mod 4 = 0 and can change only in SFN mod 16 = 0 and contains systemFrameNumber equal to the 6 most significant bits of the SFN.
Proposal 5
SI needed on FeMBMS is broadcasted on same subframes as MIB.
Proposal 6
Take the design principle presented in Figure 1 as a baseline for SI broadcasting for FeMBMS carrier.
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