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1. Introduction
In RAN#71 a new work item (WI) named eMBMS enhancement for LTE [1] was introduced. The objectives of the WI include the support of longer CP, additional MBSFN subframes, and study standalone carrier. In RAN1#86 the following agreements were reached:

· 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

 In this document we provide our views on the support of initial acquisition and system information for eMBMS. Particularly, we differentiate the cases of 100% MBSFN subframes or less than 100% MBSFN subframes.

2. Need for system information
In RAN2#95, RAN2 made the following working assumption:
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.
A liaison statement is sent in R1-1608569 containing this working assumption. Thus, RAN1 should define the necessary mechanism to provide with MIB and SI over the air interface.
3. Acquisition and SI for less than 100% MBSFN subframe allocation
For the case of less than 100% MBSFN subframe allocation, all radio frames have subframe 0 and 5 being non-MBSFN subframes, so the legacy cell search and SI delivery mechanisms can be reused (e.g. PSS/SSS/PBCH in subframe 0, SIB1 in SF5, other SIBs scheduled by SIB1). In order to reduce the impact on legacy UEs (which may not know whether this cell has increased MBSFN subframe allocation), MIB should include some indication that prevents this UE from continuing the cell acquisition process. One possibility is to use one reserved bandwidth value so that legacy UEs would not understand this new MIB content, and thus stop the cell search. The true bandwidth value can be obtained by reusing the 3-bits from PHICH-Config.
Proposal 1: For a cell operated with less than 100% MBSFN subframe allocation:
· Legacy cell search and system information mechanisms are reused
· MIB indicates that this is a non-backwards compatible cell
· E.g. by using a reserved bandwidth value, and the true bandwidth value is obtained by reusing PHICH-Config (no PHICH on this cell)

4. Acquisition and SI for 100% MBSFN subframe allocation
For the case of 100% MBSFN subframe allocation, special attention should be taken to minimize the overhead due to SI delivery while at the same time ensuring enough coverage and scheduling flexibility. We propose a structure as follows:
· A non-MBSFN subframe is transmitted every [4] radio frames in subframe 0. From RAN1 perspective, this subframe supports all the physical channels necessary for synchronization, SI and MIB (PSS/SSS/PBCH/PDCCH/PDSCH).
· Additional non-MBSFN subframes may be used, if necessary, to provide with additional system information. These additional non-MBSFN subframes may be configured from the SI transmitted in the subframe above.
· From RAN1 perspective, it is feasible to transmit two or more SI messages (or SI message + SIB1, if defined by RAN2) in the same subframe in separate PDSCH (e.g. by using different SI-RNTI).
With this structure, the eNB has enough flexibility to transmit all the SI in a single subframe, which may be feasible for large BW values (e.g. 10MHz), while for smaller BW values multiple non-MBSFN subframes can be used.
Proposal 2: For a cell operated with 100% MBSFN subframe allocation:
· A non-MBSFN subframe with 15kHz subcarrier spacing is introduced in subframe 0 every [4] radio frames
· This non-MBSFN subframe contains:
· PSS/SSS/PBCH/CRS
· PDCCH
· PDSCH
· SI may be transmitted in this non-MBSFN subframe (SIB-X).
· From RAN1 perspective, it is feasible to transmit multiple SI messages in the same subframe (or SIB1 + SI messages) by using different SI-RNTI.
· SIB-X may schedule additional SIBs (if needed) in additional non-MBSFN subframes
· Up to RAN2 to decide further details of SI delivery, including whether delivery of multiple SI messages in the same subframe (or SIB1 + SI messages) is necessary.

One of the drawbacks of this lower periodicity is that PBCH has reduced coverage due to single transmission in a 40ms TTI. In order to keep a similar coverage as legacy LTE, RAN1 should consider one or more of the following possibilities:
· Extend the PBCH TTI from 40ms to 160ms: The two LSBs of the SFN may be reserved, and combining may be enabled up to 4 repetitions (160ms in total). This would also require changing the scrambling sequence for PBCH to avoid confusion with legacy or 100% MBSFN subframe allocation.
· Perform PBCH repetition: Similar to eMTC, repeat the PBCH in additional OFDM symbols. This cell is expected to have reduced PDCCH (only for SI and possibly MCCH change), so single symbol PDCCH may be assumed. With this, there is a total of 2 symbols for SS, 4 symbols for PBCH, 1 symbol for PDCCH, which leads to additional 7 symbols for PBCH repetition, which gives ~4.4dB gain, and a loss of 1.6dB with respect to legacy LTE, which may be allowable due to less stringent delay constraints usually associated with SFN transmissions. 
· Reduce the PBCH payload: Another option to increase the coverage of PBCH is to reduce the PBCH payload. Currently, MIB uses 24 bits as follows:
· 3 bits for system bandwidth
· 3 bits for PHICH information, not necessary for this carrier
· 8 bits for system frame number
· 10 bits reserved for future use, can be largely removed (e.g. keep only 5 bits)
· With this, the total number of bits is 2+8+5=16. The total PBCH payload size is reduced from 40 to 32 bits, which gives additional 0.97dB gain. If we combine this with the PBCH repetition we achieve coverage which is ~0.6dB worse than legacy LTE.

Proposal 3: For PBCH coverage enhancements, RAN1 adopts at least one of the following:
· Increased TTI
· Perform PBCH repetition in the same subframe (similar to eMTC) with additional randomization to reduce inter-cell interference
· Reduce the PBCH payload


5. Summary
Proposal 1: For a cell operated with less than 100% MBSFN subframe allocation:
· Legacy cell search and system information mechanisms are reused
· MIB indicates that this is a non-backwards compatible cell
· E.g. by using a reserved bandwidth value, and the true bandwidth value is obtained by reusing PHICH-Config (no PHICH on this cell)
Proposal 2: For a cell operated with 100% MBSFN subframe allocation:
· A non-MBSFN subframe with 15kHz subcarrier spacing is introduced in subframe 0 every [4] radio frames
· This non-MBSFN subframe contains:
· PSS/SSS/PBCH/CRS
· PDCCH
· PDSCH
· SI may be transmitted in this non-MBSFN subframe (SIB-X).
· From RAN1 perspective, it is feasible to transmit multiple SI messages in the same subframe (or SIB1 + SI messages) by using different SI-RNTI.
· SIB-X may schedule other SIBs (if needed) in additional non-MBSFN subframes (if needed)
· Up to RAN2 to decide further details of SI delivery, including whether delivery of multiple SI messages in the same subframe (or SIB1 + SI messages) is necessary.
Proposal 3: For PBCH coverage enhancements, RAN1 adopts at least one of the following:
· Increased TTI
· Perform PBCH repetition in the same subframe (similar to eMTC) with additional randomization to reduce inter-cell interference
· Reduce the PBCH payload
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