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1 Introduction

The following was agreed during RAN1 #86:
	
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 configuration, 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.



In this contribution, we address one of the FFS points in the agreement, namely, whether to introduce PBCH coverage enhancements for FeMBMS carriers.
2 PBCH coverage enhancements for further enhanced MBMS carriers
In LTE, the TTI of the BCH is defined as 40ms. In other words, the BCH payload is constant for 4 radio frames. Owing to the low code rate of the PBCH, however, each subframe containing PBCH is self-decodable. A UE in good coverage may decode the PBCH successfully in a single subframe, a UE in mediocre coverage may require two or more redundancy versions of the encoded BCH payload and for a cell-edge UE the MIB acquisition time may be up to 70ms corresponding to the worst case where the SFN changes after the third redundancy version and the CRC fails after three redundancy version. 
According to the agreements at the last meeting, a carrier configured with 100% MBSFN subframes can have radio frames with 100% MBSFN subframes and others with less than 100% MBSFN subframes in which some subframes are reserved for transmission of cell-specific signals and channels such as synchronization signals and common channels for transmission of system information. Furthermore, carriers operated with 100% MBSFN subframe allocation support both the new CP length as well as the legacy extended CP for 15kHz subcarrier spacing for which LTE Rel. 8 defines all necessary channels and signals required for synchronization and acquisition of system information. Hence, Rel. 8 synchronization and system acquisition procedures can be readily applied to Rel. 14 enhanced MBMS carriers with 100% subframe configuration as long as subframe #0 of each radio frame transmits PMCH and MBSFN-RS with legacy extended CP for 15kHz subcarrier spacing. In particular, according to the agreement, subframes with the legacy extended CP for 15kHz subcarrier spacing always have a unicast control region. This unicast control region can be used to schedule PDSCH transmissions using the extended CP for 15kHz subcarrier spacing. Note that per the agreement, FDM between PMCH and other channels is not precluded. The exact rate matching behavior between PMCH and PDSCH could either be specified or left to implementation, i.e., the PMCH would not be scheduled in subframes #0 with PDSCH transmissions. 
If the BCH is not transmitted four times within a single TTI, the coverage decreases. In order to allocate more resources to PMCH transmissions, it may be desirable to allocate less resources to PBCH transmissions within the BCH TTI duration. Per existing specifications, the UE cannot assume that any bit in the BCH payload is constant across TTI boundaries as a new TrCH arrives on the BCH every TTI. The BCH payload currently comprises 3 bits to signal the system bandwidth, 3 bits to signal the PHICH configuration, 8 bits to signal the constant part of the SFN across a 40ms time window, and 10 spare bits that are undefined. If standalone operation of FeMBMS carriers is not supported in Rel. 8, there is no need to signal the SFN in the BCH. The UE may simply assume that the SFN of the SCell with 100% MBSFN subframe allocation is aligned with the SFN of the PCell on which the UE either camps (in RRC_IDLE mode) or to which the UE is connected (in RRC_CONNECTED mode). Furthermore, the UE may assume that the first 6 bits—or even the spare bits—do not change over time. Then, some coverage enhancements can be achieved by UE implementation without specification impact due to the time-domain transmit diversity present in each repetition across TTIs. Alternatively, the SFN and some of the spare bits could also be removed entirely. 
Lastly, PBCH coverage enhancements have already been specified in LTE Rel. 13 for the eMTC feature where the BCH is transmitted on more resources within a radio subframe as in LTE Rel. 8. For example, for FDD the PBCH is repeated four times in two adjacent subframes. The same principle could be applied to FeMBMS, i.e., instead of repeating the BCH across four radio frames it can be repeated within one DRS occasion with reduced periodicity. SFN transmission of PBCH could also be considered for carriers with 100% MBSFN subframe allocation. Either way, in light of the limited number of TUs remaining to complete the work item, only those solutions should be considered that result in minimal specification impact as outlined in this contribution. 

Proposal 1: PBCH coverage enhancements shall not extend the PBCH coverage beyond that of the legacy PBCH. 

Proposal 2: Only PBCH coverage enhancements solutions with minimal specification impact should be considered.
3 Conclusion

In this contribution, we outline several PBCH coverage enhancements techniques that could be applied to FeMBMS carriers with 100% MBSFN subframe allocation where the emphasis is on solutions with minimal specification impact in light of the limited number of TUs remaining to complete the work item. The following is proposed:
Proposal 1: PBCH coverage enhancements shall not extend the PBCH coverage beyond that of the legacy PBCH. 

Proposal 2: Only PBCH coverage enhancements solutions with minimal specification impact should be considered.

