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1 Introduction
In RAN1 #75, it was agreed that:

· Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:

· Option 1: Repetition in SF#0

· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 

· FFS until the next meeting which REs should be excluded for PBCH repetition

· Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”

· Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:

· Option A: Always send repetition in every 40ms cycle.

· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

· Option C: Repetition based on pattern(s) across a given number of cycles.

In this document, the remaining issues of PBCH transmission for low cost MTC are discussed.
2 Discussion
From the agreement in the last meeting, the transmission scheme of PBCH repetition within 40ms will be selected from the above four options. First of all, it should be determined that how many repetitions are needed as a complement of “keep trying” method to fill the requirement of coverage enhancement. Then which subframes are used to transmit the repetitions should be considered especially for Option 3 and 4.
Besides requirement of coverage enhancement of MTC operation, maximum acquisition time is another factor need to be taken in account when design MTC PBCH. Within the maximum acquisition time, eNB transmits multiple 40ms repetition cycles intermittently, and in each of the 40ms cycle there are 2/3/4/8 PBCH repetitions including legacy PBCH. Under this condition, UE can successfully decode the MTC PBCH at BLER 1%. This is illustrated in Figure 1.
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Figure 1 Intermittent transmission
We need to know the maximum acquisition time first, and then find the optimal number of repetitions within 40ms and the intermittent repetition period to achieve to lower system resource cost.

In [1], by calculating total message transfer time for a MTC UE in coverage enhancement mode, and considering the relative affect the MIB+SIB acquisition time on the total transfer time, it could be sufficient that the MIB+SIB acquisition time is in the approximate range of 2-10 seconds for one carrier. Considering different requirement for future MTC implementation, ~2 seconds can be used as the strictest requirement for MTC PBCH design at this stage. In very initial power on, UE is required to search all possible supported carriers if appropriate carrier is not found. Here, our assumption is UE knows coverage enhanced mode operation is limited in certain frequency only. In real roaming operation like MTC devices are equipped with containers on containership, search time could be extremely long because of possible candidate frequencies but this needs further study. 
In [2]
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[3], the simulation results show that Option1 ~2X repetitions with intermittent period 80ms and Option3 ~4X repetitions with intermittent period 160ms can provide 10.7dB coverage enhancement for MTC PBCH. Both of Option 1 and Option 3 fill the requirement of coverage enhancement. The intermittent repetition period of Option 3 is twice of Option 1, but the total system overhead within acquisition time is same. 
For Option 1, the PBCH repetition will be filled in the resources which are not occupied by legacy PBCH, PSS/SSS, and PDCCH in the subframes. Subframe #0 is occupied by PSS, SSS and legacy PBCH and cannot be scheduled to PDSCH and EPDCCH for any UE. Transmitting repeated PBCH in subframe #0 has the minimum impact on scheduling and resource efficiency. 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. Option 1 is unified solution for FDD and TDD with any DL/UL configurations. Furthermore, it is concrete solution so far needs less additional standard effort.
Proposal 1: Option 1 with one repetition in subframe #0 is proposed for as PBCH repetition solution.
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. As aforementioned, the acquisition time may changes from 2~10 seconds according to the service type and system requirement. Take 2560ms for example, within the acquisition time at least 16 repetition periods should be transmitted to achieve the requirement target. If Option A is used, the frequency of repetition period can be changes according to the acquisition time and the channel in different scenarios.
Proposal 2: Dynamic on/off of repetition cycles is proposed.
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. Note that the new RS and CRS are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, and average delay.
Proposal 3: New RS should be introduced in the PRBs where MTC PBCH located.
3 Conclusion

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

Proposal 1: Option 1 with one repetition in subframe #0 is proposed for as PBCH repetition solution.
Proposal 2: Dynamic on/off of repetition cycles is proposed.
Proposal 3: New RS should be introduced in the PRBs where MTC PBCH located.
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