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1 Introduction
In RAN1#80bis, following agreements were reached on PBCH coverage enhancement. 
Agreement: 

· PBCH repetition option is 3A for FDD and as a working assumption for TDD

· It is up to the network whether to configure PBCH repetitions in a cell or not

· The PBCH repetition configuration can be regarded as a long-term property of the cell

· UE can assume the PBCH repetition on/off is the same in subsequent wake-up as initial acquisition

· FFS the other subframe for repetition

· For TDD, can revisit if significant issues are found
In addition, following agreements were reached on PBCH RE mapping in coverage enhanced mode in RAN1#80.
Agreements:
· In subframes where PBCH repetition occurs, available REs in PRB pairs containing MIB are used for PBCH

· Available REs are REs not used for the legacy control region, PSS/SSS OFDM symbols and CRS

· Handling of possible collision with CSI-RS in these PRB pairs is FFS

· Rel-13 low complexity MTC UE assumes the legacy control region is set to 3 OFDM symbols

· Working Assumption: RE mapping for FDD and TDD are different in at least SF#0

· NOTE: The PBCH repetition may not be an integer

In this contribution, we discuss the remaining issues on PBCH repetition design including the additional subframe for PBCH repetition and the handling of possible collision with CSI-RS in PRB pairs containing MIB.

2 Discussion

It is a working assumption that legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage. It is proposed to confirm the working assumption so that legacy PBCH can be combined with PBCH repetitions. 
Proposal 1: Confirm the working assumption that legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage.
Option 3A was agreed for PBCH repetition, i.e. PBCH is repeated in SF#0 and one additional subframe in all frames within 40ms PBCH cycle. The one additional subframe is to be decided.

Given that the UE cannot know the MBSFN subframe configuration when decoding PBCH, the additional subframe should be chosen from the subframes that cannot be configured as MBSFN subframes, i.e. subframe 4, 5 and 9 for FDD and subframe 1, 5 and 6 for TDD. Furthermore, considering that the number of symbols for PBCH repetition in DwPTS is variable depending on special subframe configuration which is unknown to UE when decoding PBCH and the resources can be quite limited for some configurations, PBCH should not be repeated in DwPTS.
Based on the above analysis, it is proposed that PBCH is repeated in subframe 0 and 5 for TDD when PBCH repetition is configured. 
Proposal 2: PBCH is repeated in subframe 0 and 5 in all frames for TDD when PBCH repetition is configured.
For FDD, among subframes 4, 5 and 9, it is preferable to select a subframe for PBCH repetition with minimum possibility of colliding with CSI-RS as CSI-RS would degrade PBCH repetition performance. According to the current specification, the UE shall assume that CSI reference signals are not transmitted

-
in subframes where transmission of a CSI-RS would collide with SystemInformationBlockType1 messages
-
in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration.
Subframes for legacy SIB1 is fixed, i.e. subframe 5 in even frames. Subframes for paging depend on the paging configuration. To be more specific, paging subframes are determined by nB signaled in SIB. Among the candidate subframes, subframe 9 has the highest probability to be configured as subframe for paging transmission for FDD. Subframe 9 in every m frames are paging subframes where m=1 when nB is T, 2T or 4T while m=2, 4, 8, 16, 32 when nB is T/m. Therefore, it is suggested to repeat PBCH in subframe 5 or 9 in addition to subframe 0 for FDD.
Proposal 3: PBCH is repeated in subframe 5 or 9 in addition to subframe 0 in all frames for FDD when PBCH repetition is configured.
The CSI-RS configurations are unknown to UE when decoding PBCH initially. If all the potential REs for CSI-RS transmission are excluded for PBCH repetition, the available REs in a single subframe decrease a lot [1]. Alternatively, certain REs can be reserved for some CSI-RS configurations. However, it is difficult to determine how many/which CSI-RS configurations should be reserved. Based on the above analysis, there is no collision with CSI-RS at least in some subframes due to the presence of SIB1 or paging. It is suggested that potential CSI-RS REs are NOT excluded for PBCH repetition.
Proposal 4: Potential CSI-RS REs are not excluded for PBCH repetition.

3 Conclusions

In this contribution, we discuss the remaining issues on PBCH repetition design including the additional subframe for PBCH repetition and the handling of possible collision with CSI-RS with the following proposals:

Proposal 1: Confirm the working assumption that legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage.
Proposal 2: PBCH is repeated in subframe 0 and 5 in all frames for TDD when PBCH repetition is configured.
Proposal 3: PBCH is repeated in subframe 5 or 9 in addition to subframe 0 in all frames for FDD when PBCH repetition is configured.
Proposal 4: Potential CSI-RS REs are not excluded for PBCH repetition.
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