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1 Introduction
In RAN1 #74bis, it was agreed that:

· 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 document, the remaining issues of PBCH transmission for low cost MTC are discussed.
2 Discussion
Intermittent transmission

Considering the spectral efficiency, we propose intermittent transmission is used for the MTC PBCH. It means MTC PBCH will be transmitted discontinuously based on eNB’s scheduling. Within 40ms, PBCH is repeated to compensate the additional penetration loss of MTC UEs. To reduce the UE complexity for buffer, PBCH repetitions need to be transmitted in minimum subframes. If repetitions are within coherent time, it further improves the performance of the detection. These should be considered respectively for FDD and TDD system. So we propose:
Proposal 1: MTC PBCH should be transmitted within minimum TTIs within 40ms in both FDD and TDD.
The PBCH repetitions will be filled in the resources which are not occupied by legacy PBCH, PSS/SSS, and PDCCH in the subframes. In TDD, not all the subframes can be used for PBCH transmission because the MTC PBCH should be transmitted in always DL period regardless of DL/UL configuration (e.g., in subframe #0 and #5). To realize unified solution for TDD and FDD, subframe #0, #5, and the DwPTS symbols in subframe #1 and #6 can be used for transmitting PBCH repetitions. Since it is agreed that PBCH repetition occurs within 40 ms, if the resources in subframe #0, #1, #5, and #6 are not enough for the required PBCH repetitions, subframe #4 and #9 can also be used without supporting TDD configuration #0. So we propose:
Proposal 2: At least, subframe #0, #5 and the resources same as DwPTS symbols in subframe #1 and #6 can be used. If the resources are not enough, subframe #4 and #9 can be used without supporting TDD configuration #0.
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Figure 1 Intermittent transmission of new PBCH
PBCH contents

In RAN1 #74bis meeting, it was agreed that legacy PBCH is utilized by coverage enhancement (CE) UE as working assumption. MTC PBCH with new designed contents can be considered if the benefit is significant enough. If new designed PBCH content is used, the repetitions cannot be combined with legacy PBCH while decoding. Thus, whether reusing the existing PBCH depends on the comparison of the gain provided by decreased payload size and the loss of not combining legacy PBCH. If the required repetition number of PBCH is comparable with legacy PBCH which is 4 within 40ms, new designed PBCH content is not attractive. If the required repetition number of PBCH is much more than 4, the performance gain may deserve more standard effort on the new design contents.
When determine the repetition number within 40ms, some techniques can be considered to minimize the repetition number within 40ms, for example, “keep trying” method.  In [1], the simulation results show that 18 PBCH decoding attempts (720ms) can provide 10.7 dB of gain for PBCH. This method can decrease the required repetitions number. However, the acquisition time of MTC PBCH is uncertain by using “keep trying”. The gain depends on the time variance of channel. In email discussion of LS on mobility [2], following was agreed.

A UE requiring large coverage enhancement is assumed by RAN1 to be close to stationary, however mobility and external factors (including someone moving the device) may influence channel conditions and cell camping, so the UE would need to be able to react to such changes appropriately in order to avoid long service outage and avoid large system inefficiencies.
The channel varies slowly if assumed MTC UEs are close to stationary. In the worst case, MTC UE cannot decode PBCH successfully for a long period. To guarantee the robust reception of MTC PBCH, it is better to combine keep trying and repetition to enhance PBCH transmission. 
Furthermore, the repetition number within 40ms should take into consideration the gain of introducing new RS in addition to CRS. This will be discussed in the next section.
Proposal 3: When determine the repetition number within 40ms, gain of “keep trying” method and introducing new RS should be considered. 
Channel estimation improvement
Improvement of Channel estimation performance can reduce the required repetition number of MTC PBCH. By using PSD boosting on CRS, channel estimation performance can be improved efficiently. However, to have PSD boosting of CRS will impact power allocation of the transmission for legacy UEs which needs to be carefully used. Therefore, we don't suggest using CRS PSD boosting. Instead, we propose to introduce DMRS like new RS in addition to CRS for the MTC PBCH. Introducing new RS in addition to CRS increases channel estimation performance similar to PSD boosting on CRS.
Proposal 4: New RS should be introduced in the PRBs where MTC PBCH located.
When new RS is introduced to improve the channel estimation, the channel on new RS and CRS should be same. Without this assumption, it is not possible to combine new RS and CRS in channel estimation process of UE. Thus, some properties of the new PBCH should be specified, for example,
· The new RS and CRS are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, and average delay.
· At least, the new RS are located only in the center 6 PRBs, occurring with enhanced PBCH for MTC. 
3 Conclusion

This paper mainly discussed the new PBCH for low cost MTC. We have following proposals, 

Proposal 1: MTC PBCH should be transmitted within minimum TTIs within 40ms in both FDD and TDD.
Proposal 2: At least, subframe #0, #5 and the resources same as DwPTS symbols in subframe #1 and #6 can be used. If the resources are not enough, subframe #4 and #9 can be used without supporting TDD configuration #0.
Proposal 3: When determine the repetition number within 40ms, gain of “keep trying” method and introducing new RS should be considered. 
Proposal 4: New RS should be introduced in the PRBs where MTC PBCH located. 
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