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Introduction
In RAN1#80bis, it was agreed that the PBCH will be repeated in SF#0 and one other subframe in all radio frames [1]. Furthermore, when enabled, PBCH repetition will always be transmitted in every 40ms cycle. There are, however, some remaining issues –
· Handling of possible collision with CSI-RS.
· The other subframe to be used for repetition.
· Whether there are significant issues with TDD.
In this contribution, we provide our views on the remaining issues.
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PBCH
The following subframes can be used for MBSFN – FDD (#1, #2, #3, #6, #7, #8), TDD (#3, #4, #7, #8, #9). To avoid restricting MBSFN implementation in legacy networks, possible MBSFN subframes should be excluded for PBCH repetition. If possible MBSFN subframes are excluded, subframes #4, #5, and #9 are available for PBCH repetition in FDD. In TDD, subframe #5 is the only full subframe available in all TDD configurations. However, subframes #1 and #6 are also available either as a full or special subframe. In addition to possible MBSFN subframes, the following transmissions require specific subframes to be used –
· Paging – FDD (#0,#4,#5,#9), TDD (#0,#1,#5,#6)

· SIB1 – subframe #5 of radio frames for which the SFN mod 8 = 0, repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.
To provide a common solution for all system bandwidths, subframe #5 should not be used for PBCH repetition as this would collide with SIB1 transmission in 1.4MHz system bandwidth. For FDD, subframes #4 and #9 are still available for PBCH repetition and there is no issue.
For TDD, only subframes #1 and #6 are available with #1 always a special subframe and #6 a special subframe in TDD configurations 3-5. However, UE does not know the special subframe configuration until it has acquired MTC SIB1. For initial access, since the UE does not know the special subframe configuration, the UE can decode the PBCH using repetitions in #SF0 only. Alternately, it can include a minimum number of OFDM symbols in the special subframe. However, special subframe configuration 0 contains only 3 OFDM symbols and cannot be used for PBCH repetition. It is up to UE implementation how to combine the PBCH during initial access. For reacquisition, however, UE in CE would know about exact PBCH repetition as the configuration can be regarded as a long-term property of the cell. Furthermore, UE can assume the PBCH repetition on/off is the same in subsequent wake-up as initial acquisition. So there is no issue for TDD UEs to combine PBCH repetition from the special subframe.

In addition, coherent combining can significantly improve performance. At residual frequency error of 100Hz, coherent combining is only possible across two subframes. Therefore, it would be beneficial to select subframes that are adjacent to subframe #0. In FDD, that would be subframe #9. While it would not be possible to combine subframe #0 and #1 across the 40ms cycle, it can still be combined within the cycle. Additional time diversity gain can be obtained from subsequent PBCH transmissions within the 40ms cycle. Therefore, it is proposed that PBCH is repeated in subframes #0 and #9 for FDD and subframes #0 and #1 for TDD. 
Proposal 1: PBCH is repeated in subframes #0 and #9 for FDD and subframes #0 and #1 for TDD. 

Based on the proposal, there should not be a significant problem with TDD to support PBCH repetition in subframes #0 and #1. Initial acquisition would require longer time if the UE uses only subframe #0 for demodulation, but reacquisition would not be an issue. Other than special subframe configuration 0, at least 9 OFDM symbols are available in the DwPTS of #1.
When CSI-RS is configured to overlap with PBCH subframes, it is for further study how to handle the collision with CSI-RS. In this case, the PBCH transmission can be punctured or rate-matched around the CSI-RS. Puncturing is simpler and performance is similar to rate matching. Therefore, it is proposed that the PBCH is punctured when there is a collision with CSI-RS.
Proposal 2: PBCH is punctured when there is a collision with CSI-RS.
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Conclusion
In this contribution, we discuss some remaining issues with PBCH repetition. The following proposals are made –

Proposal 1: PBCH is repeated in subframes #0 and #9 for FDD and subframes #0 and #1 for TDD. 

Proposal 2: PBCH is punctured when there is a collision with CSI-RS.
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