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1 Introduction

In RAN1#80bis, the following was agreed for the PBCH transmission in support of coverage enhancements (CE). 

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
Option 3A corresponds to PBCH repetitions, when configured, to be always transmitted in subframe #0 and in one additional subframe of each frame.

Moreover, the following were previously agreed

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

This contribution considers the selection for the additional subframe for PBCH repetitions, whether the WA can be confirmed for TDD, and some remaining aspects concerning PBCH repetitions. 

2 Remaining Issues for PBCH Repetitions

2.1 Additional Subframe for PBCH Repetitions
In addition to subframe #0, subframes #4, #5, and #9 are guaranteed to be available (non-MBSFN, non-ABS) in FDD and subframes #1, #5, and #6 are guaranteed to be available in TDD (subframe #1 is a special subframe and subframe #6 can be a special subframe). 

There is no apparent restriction in selection one of the available subframes. Due to a frequency offset in the eNB/UE LOs, coherent combining of repetitions can be more reliable if the repetitions are in adjacent subframes. For FDD, subframe #9 can be selected but the SFN-dependent aspects of a repetition (scrambling and SFN information in the respective MIB) should be based on the ones for the next frame in order to be possible to combine the PBCH repetitions with the ones in subframe #0 of the next frame. 
For TDD, subframe #1 can be selected. Even though subframe #1 is a special subframe, a minimum DwPTS length can be assumed (e.g. 9 symbols). This assumption can also apply for repetitions of a SIB transmission to Rel-13 low cost UEs and also include subframe #6 [1]. A DwPTS length of 3 symbols (or of 6 symbols) is designed to provide an excessively large guard period to accommodate operation in cell sizes near 100 Km. This is clearly not a likely operating scenario for Rel-13 low cost UEs and need not restrict the system design. In the unlikely case that support for Rel-13 low cost UEs need to be provided for extremely large cell sizes, this can still be possible by the network implementation not utilizing the last 1-2 symbols of subframe #1 for UpPTS to provide additional guard period (overall system impact is negligible). Therefore, considering the need for repetitions of a SIB transmission to Rel-13 low cost UEs and also the highly likely need for PDSCH repetitions in general (e.g. due to 1 Rx antenna and additional absence of frequency diversity for transmission in one subframe), the special subframes cannot remain unutilized as they represent more than 20% of DL resources. 
Using subframe #1 for TDD to transmit PBCH repetition will also result in a smaller number of symbols available for PBCH repetitions in TDD than in FDD. In general, due to the different PSS/SSS mapping for FDD and TDD, it is difficult to ensure that a same number of symbols are used for PBCH repetitions unless some symbols remain unused. For example, if subframe #5 is the additional subframe for PBCH repetitions for FDD and TDD, there would be 2 more symbols available for TDD than for FDD. The only combination of additional subframes that can provide the same number of symbols is subframe #9 for FDD and subframe #5 for TDD. If subframe #1 is used for TDD and subframe #9 is used for FDD, there will be 5 fewer symbols available for TDD (assuming DwPTS of 9 symbols) but the detection performance for TDD is also improved due to coherent combining. 
Proposal 1: Subframe #9 is used for additional PBCH repetitions in FDD. Subframe #1 or subframe #5 is used for additional PBCH repetitions in TDD.

Proposal 1 also implicitly confirms the WA for using an additional subframe for PBCH repetitions in TDD as no issue is identified about the existence of such an additional subframe.

2.2 RE Mapping for PBCH Repetitions
As a UE cannot know the CSI-RS configuration, the UE cannot skip PBCH repetitions in REs that the eNB uses to transmit CSI-RS. Due to QPSK modulation and the low effective code rate due to repetitions, the impact on the BLER is minimal (based on extensive evaluations in Rel-10 for the impact of CSI-RS on PDSCH reception for Rel-8 UEs). The alternative to exclude REs for all possible CSI-RS configurations from mapping of PBCH repetitions can typically result to large number of unused REs and worse PBCH detection performance. Also, REs for PBCH repetitions exclude PSS/SSS REs and CRS REs (as for legacy PBCH) – this has been agreed. It was also agreed that in subframes where PBCH repetitions occur the resulting number of PBCH repetitions need not be an integer. 
Proposal 2: A UE assumes that PBCH repetitions are mapped to REs that can be potentially used for CSI-RS.

Proposal 3: PBCH repetitions are mapped to available REs over two subframes and can include a partial PBCH repetition. 

3 Conclusions

This contribution considered aspects for PBCH transmission with repetitions for Rel-13 low cost UEs and proposes the following.
Proposal 1: Subframe #9 is used for additional PBCH repetitions in FDD. Subframe #1 or subframe #5 is used for additional PBCH repetitions in TDD.

Proposal 2: A UE assumes that PBCH repetitions are mapped to REs that can be potentially used for CSI-RS.

Proposal 3: PBCH repetitions are mapped to available REs over two subframes and can include a partial PBCH repetition. 
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