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

· For the purpose of investigating the required coverage enhancements, coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB
· Can also consider 4dB loss for other downlink channels when needed

· Intermittent repetition / PSD boosting of PBCH could be applied to minimize the spectral efficiency loss
· UE behavior, impact on UE power consumption, and configurability are FFS

· Introducing new PBCH is FFS
 In this document, the detail of PBCH transmission for low cost MTC is discussed.
2 Discussion
Intermittent transmission

Considering the spectral efficiency, we propose intermittent transmission is used for the new PBCH. It means new PBCH will be transmitted periodically and discontinuously based on eNB’s scheduling. Within one transmission period, new PBCH is repeated to compensate the additional penetration loss for MTC UEs. To reduce the UE complexity for buffer, PBCH repetitions need to be transmitted in minimum continuous period. If repetition is 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: New designed PBCH should be transmitted within minimum TTIs in one period in both FDD and TDD.
For FDD system, the repetitions will be filled in the resources which are not occupied by legacy PBCH, PSS/SSS, and PDCCH in continuous subframes. As illustrated in Figure1, the repetitions of the new PBCH are transmitted in 40 or more ms based on the required repetition number. 
[image: image1.emf]40ms or more

Period: thousands of ms Legacy PBCH

Extended PBCH

...

...

...

...

...

40ms or more

PSS/SSS


Figure 1 Intermittent transmission of new PBCH in FDD system (1 block means 1 subframe)
In TDD, the minimum acquisition time may be  more than that in FDD system as not all the subframes can be used for PBCH transmission because the new PBCH can be transmitted in always DL period regardless of DL/UL configuration (e.g., in subframe #0 and #5) within one period as shown in Figure2. On the other hand, when new PBCH repetition continues, it is not so much merit to reserve the subframe/period for UL empty. Therefore, the similar transmission scheme with FDD might be also possible. The impact on the inter-cell interference needs to be studied further.
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Figure 2 Intermittent transmission of new PBCH in TDD system

PBCH contents

In legacy PBCH, the following information is included in the MIB:

· Bandwidth indication: 3 bits

· PHICH resource configuration: 3 bits

· SFN: 8 bits

· Spare: 10 bits

· CRC: 16 bits

The total size of MIB is 40 bits in legacy PBCH. Based on the simulation results in [1~4], it can be seen that the gain of reducing the payload size of PBCH over reusing legacy PBCH is more than 1.4 dB depends on the reduced payload size. Thus, from the perspective of performance, it is better to transmit the new PBCH with reduced content to MTC UEs instead of reusing the legacy PBCH. So we propose:
Proposal 2: Reduced content should be considered for new designed PBCH in MTC.
PHICH resource configuration is not necessary if the feedback of PUSCH transmission is replaced by other mechanism, e.g., MAC ARQ process or downlink (E)PDCCH. Spare bits can also be removed from MIB in new designed PBCH for MTC UEs only. After CRC attached, total 27 bits of MIB is transmitted in new PBCH which will improve the performance and reduce the required repetition number. If reducing CRC is further considered, the bits of MIB will be further reduced.
Proposal 3: New designed PBCH for MTC includes bandwidth indication, SFN and CRC bits.
Channel estimation improvement
PSD boosting on CRS can improve the performance of PBCH as the assumption of PBCH channel estimation is by CRS. On the other hand, to have PSD boosting of CRS increases the coverage of non-MTC usage. If cell planning is already realized by certain CRS power, to change the CRS PSD could impact on non-MTC usage of cell planning. In addition, if system bandwidth is more than 6 PRBs for non-MTC, to have CRS PSD boosting within 6 PRB has the impact on legacy UE's RSRP/RSRQ measurement. Except wideband RSRP/RSQR measurement, currently UE has the freedom between to measure 6 PRBs or to measure more than 6 PRBs. The difference on CRS PSD causes non-unified measurement results among UEs with different RSRP/RSRQ measurement method. Therefore, we don't suggest using CRS PSD boosting. Instead, we propose to introduce DMRS like RS for the new PBCH. It needs careful discussion whether UE can use both CRS and DMRS or only to use new DMRS for channel estimation. If both are used, MTC cell planning and non-MTC cell planning needs to be aligned. If not used, MTC cell planning and non-MTC cell planning can be deployed independently.
Proposal 4: PSD boosting on CRS should not be adapted for demodulating PBCH

Proposal 5: Adopting new RS or reusing existing RS could be considered for channel estimation of new PBCH
Proposal 6: Whether to use both CRS and DMRS or to use only DMRS for channel estimation needs careful discussion. 
3 Conclusion

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

Proposal 1: New designed PBCH should be transmitted within minimum TTIs in one period in both FDD and TDD.
Proposal 2: Reduced content should be considered for new designed PBCH in MTC.
Proposal 3: New designed PBCH for MTC includes bandwidth indication, SFN and CRC bits.
Proposal 4: PSD boosting on CRS should not be adapted for demodulating PBCH

Proposal 5: Adopting new RS or reusing existing RS could be considered for channel estimation of new PBCH
Proposal 6: Whether to use both CRS and DMRS or to use only DMRS for channel estimation needs careful discussion. 
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