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1. Introduction

In RAN1 #74bis, several agreements on PBCH coverage enhancement are achieved as follows:
Agreements:

· Repetition should be specified as a method to improve coverage.

· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs

· PBCH repetition occurs within 40msec
· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.
· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)

· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting
· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes

· FFS which TDD DL/UL configurations will be supported
· Supporting all TDD DL/UL configuration is considered

In this contribution, we provide our views on the details of intermittent repetition and its relation to the scalability of coverage enhancement, PSD boosting and new PBCH.
2. Discussion
It is agreed that repetition should be specified as a method for PBCH coverage improvement. Since PBCH can only be transmitted in the center 6 PRB pairs, time-domain repetition is the only way for PBCH repetition. Also, PBCH repetition occurs within 40ms due to that SFN changes every 40ms. Lots of resources will be used and other physical channels will be blocked in the center 6 PRB pairs. The problem will become more severe for small bandwidth systems. To reduce the spectral efficiency loss caused by intense repetition, intermittent repetition and PSD boosting of PBCH could be applied. On the other hand, scalable coverage enhancement which contains multiple enhancement level is desired for that not all MTC UEs need the maximum level of coverage enhancement. Therefore, spectral efficiency loss due to using maximum level of coverage enhancement for all MTC UEs can be avoided. In the following discussions, the details of how to design these techniques are discussed.
2.1 Intermittent Repetition with Scalable Coverage Improvement
Both intermittent repetition and scalability of coverage enhancement are desired as mentioned above. Considering the motivation of both techniques is to minimize the spectral efficiency loss, we suggest that applying scalability of coverage enhancement under intermittent repetition as depicted in fig.1. Since PBCH is a broadcast channel, different repetition levels should coexist. A method to reduce the overhead caused by the coexisted multiple levels is to reuse the repetitions of lower levels as parts of repetitions of higher levels. Fig.1 shows an example where the period of level 2 is multiple of the period of level 1. Therefore, when level 2 repetition burst happens, level 1 repetition burst also happens and the repetitions of level 1 repetition burst can be reused for repetition combining for level 2. The spectral efficiency loss can be minimized by recombining the lower level repetitions. It is a fair tradeoff that higher coverage improvement level suffers from longer period of repetition and the resulting longer PBCH acquisition time.
Considering the UE behavior, the simplest way is let coverage enhancement UE blindly decode PBCH of different coverage improvement levels in 4 consecutive radio frames without knowing the period and the starting position of each coverage improvement level beforehand. After UE successfully decodes PBCH of certain level, UE can estimate its coverage improvement requirement by the level which is decoded successfully. If the starting positions of each repetition level have predefined rule, after coverage enhancement UE successfully decodes the PBCH once, UE can save its power by decoding the following PBCH of each level based on the corresponding period and starting position.
Proposal 1: By making the period of higher PBCH repetition level be multiple of the period of lower PBCH repetition level, the spectral efficiency loss due to coexisted different PBCH repetition levels can be reduced.

Proposal 2: If the starting positions of each repetition level have predefined rule, after coverage enhancement UE successfully decodes the PBCH once, UE can save its power by decoding the following PBCH of each level based on the corresponding period and starting position.
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Figure 1 Different coverage enhancement levels under intermittent repetition
2.2 Intermittent Repetition with PSD boosting
The usage of PSD boosting is to make up the remaining coverage requirement after utilization of repetition. For FDD systems, since every subframe in the radio frame can be used for repetition, PSD boosting is not that necessary. On the other hand, TDD systems (especially for UL-heavy TDD configurations) face the problem of lack enough DL subframes for repetition. Thus, PSD boosting is a more suitable complementary method for TDD systems. Considering PSD boosting may result in serious interference to neighboring cells, time-domain ICIC of intermittent repetition can be used for interference cancellation. As mentioned above, the starting positions of each repetition level can have some predefined rules or can be flexibly adjusted by eNB. A possible solution for time-domain ICIC is to determine the location of PBCH repetition by utilizing the cell ID of each cell. For example, the intermittent repetition only occurs in radio frames with system frame number related to cell ID.
Proposal 3: For TDD systems with UL-heavy configurations, PSD boosting is a suitable complementary method for achieving target coverage improvement. Time-domain ICIC of intermittent repetition can be used for interference cancellation especially when PSD boosting is applied. Cell ID can be utilized to achieve Time-domain ICIC.
2.3 New PBCH
It is a working assumption that legacy PBCH is utilized by coverage enhancement UE. The reduction of PBCH contents, i.e. new PBCH, can provide some coverage gains. For example, PHICH configurations and several least-significant bits of SFN may be neglected if enhanced PBCH period becomes longer. However, new PBCH may need different decoder from legacy PBCH decoder. Thus, dual decoders result in more complexity for MTC UE unless MTC UE does not decode the legacy PBCH. On the other hand, legacy PBCH cannot be used for repetition combining with new PBCH and there is some corresponding spectral efficiency loss. As a result, new PBCH may need careful inspection to justify its benefits.
Proposal 4: Reduction of PBCH contents can provide some coverage gains. Nevertheless, it also brings some burdens on UE complexity and the usage of repetition combining. Careful inspection is needed to justify its benefits.
3. Conclusion

In this contribution, we provide our views on the PBCH coverage improvement and propose to:
Proposal 1: By making the period of higher PBCH repetition level be multiple of the period of lower PBCH repetition level, the spectral efficiency loss due to coexisted different PBCH repetition levels can be reduced.

Proposal 2: If the starting positions of each repetition level have predefined rule, after coverage enhancement UE successfully decodes the PBCH once, UE can save its power by decoding the following PBCH of each level based on the corresponding period and starting position.
Proposal 3: For TDD systems with UL-heavy configurations, PSD boosting is a suitable complementary method for achieving target coverage improvement. Time-domain ICIC of intermittent repetition can be used for interference cancellation especially when PSD boosting is applied. Cell ID can be utilized to achieve Time-domain ICIC.

Proposal 4: Reduction of PBCH contents can provide some coverage gains. Nevertheless, it also brings some burdens on UE complexity and the usage of repetition combining. Careful inspection is needed to justify its benefits.
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