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1 Introduction
The new WI for low cost & enhanced coverage for MTC UE for LTE was approved at RAN #60 to specify a new UE for MTC operation in LTE that also provides a relative LTE coverage improvement – corresponding to 15dB for FDD by [1]: 

· Specifying repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase (which shall be applicable for both FDD and TDD)
This contribution discusses some questions that we need to consider for specifying repetitions and PSD boosting for PBCH coverage improvement. 
2 Discussion
The requirement in WID [1] is a relative LTE coverage improvement corresponding to 15dB for FDD – for the new UE category/type and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. The new UE category/type operating with a single receive antenna will degrade by 4dB [2]. For FDD systems, cell coverage is still limited by the uplink even with the 4dB degradation to the downlink, so PBCH needs 10.7dB of compensation for the new UE category/type and 6.7dB for the other UEs as mentioned above according to the coverage analysis table in [2]. 
Evaluations showed that in the TR repetitions and/or PSD boosting could be used to improve PBCH coverage. Some sources demonstrated how many repetitions and/or how much PSD boosting is required to achieve different coverage improvement targets. However, there are some questions related to PBCH repetitions and/or PSD boosting that were not explored in detail in the study item, such as
· How to repeat PBCH and how much PSD boosting is required?
· How to design intermittent transmission?

2.1 PBCH repetitions and PSD boosting
PBCH repetitions could be implemented by:
a) Repeating in 40ms with one transmission per subframe
Repeat the current PBCH in subframe #0 onto every downlink subframe of the same radio frame, i.e., the first four symbols in the second slot of every subframe. Only 40 transmissions or 10 repetitions could be available (providing 8dB gain [3]) in this way for FDD systems, and the gap to the target of 10.7dB, i.e., 2.7dB gain, will rely on PSD boosting compensation. It is applicable for TDD systems. 
The REs in the center 6PRBs per subframe not assigned to control channels, sync signals, reference signals, and PBCH could be in principle used for PDSCH transmissions. 

b) Repeating in 40ms with multiple transmissions per subframe
PBCH could be repeated by another way that all available REs in the center 6PRBs during 40ms not assigned to control channels, sync signals, and reference signals could still be used for PBCH transmissions. Assuming two OFDM symbols are used for control channels for each subframe during the 40ms period, more than 120 PBCH transmissions would be available. 
The performance of PBCH multiple transmissions per subframe is depicted in Fig. 1, from which it shows about 11dB gain could be provided by 120 transmissions in 40ms relative to the legacy PBCH performance, and thus PSD boosting would not be required to achieve the target of 10.7dB for the new UEs operating by single Rx. 
It is applicable for TDD systems as well. However, PDSCH cannot be scheduled in the center 6PRBs during the 40ms periodicity. 
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Fig. 1: Performance of PBCH multiple transmissions per subframe

Observation 1: PBCH repetitions in 40ms with all available resources in the center 6PRBs used for PBCH transmission would not need PSD boosting for FDD systems to achieve the coverage improvement target of 10.7dB. 
c) Repeating within a longer periodicity
A longer periodicity could provide more resources for repetitions if PSD boosting is not available. For example, if extending the periodicity from 40ms to 80ms, i.e., the seven most-significant bits of the SFN only need to be transmitted, and the remaining three bits of SFN are deduced from the scrambling sequences. Each block of PBCH transmitted in a radio frame is scrambled with a specific sequence and could repeat on the available resources during the radio frame. The legacy PBCH still remains in the first subframe. 
More available resources would be provided within a longer periodicity, during which PBCH could repeat once or multiple times per downlink subframe for both FDD and TDD systems. 
Observation 2: Longer periodicity could provide more resources for repetitions, and the flow to produce the current PBCH could be reused as much as possible. 
Hence, we have the following proposals:
Proposal 1: Specify repetitions of the current PBCH in the 40ms period if all of the available resources (not assigned to PSS/SSS, control channels, reference signals) during the period are allowable for PBCH repetitions. 
Proposal 2: Consider extending the PBCH periodicity for new UEs needing enhanced coverage if repetitions of the current PBCH in 40ms are not achievable.
Proposal 3: The periodicity (if extended) of PBCH for new UEs needing enhanced coverage and the repetition times per downlink subframe are FFS.
2.2 Intermittent transmission
It is required in the WID that when defining the detailed solutions for the coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account. 
Repetitions of PBCH for the new UEs would consume substantial resources in the center 6 PRBs [2] (e.g., an increase from one subframe per radio frame to all the 10 subframes in the radio frame for FDD systems), especially when PBCH repeats multiple times per subframe. It is important to consider delay tolerance and intermittent transmission for decreasing the spectral efficiency impact. 
Intermittent transmission of PBCH is illustrated in Fig. 2 as an example, which is characterized by the periodicity of the enhanced PBCH burst, i.e., the length in the number of the radio frames between the start of two consecutive bursts. The enhanced PBCH burst wherein indicates PBCH repetitions within a specific period, and is followed by the normal legacy PBCH transmission. The length of the periodicity has impact on both spectral efficiency and UE complexity/power consumption. The longer periodicity will relatively bring higher spectral efficiency but cause higher UEs complexity for PBCH blind detection. 
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Fig. 2: Illustration of PBCH intermittent transmission

Here the first proposal related to intermittent transmission is:
Proposal 4: The enhanced PBCH is transmitted intermittently with a certain periodicity.
The question following up is that how long the periodicity is. 

One possibility is that eNB could determine and adjust the periodicity flexibly according to the information available at eNB for the network status, i.e., the periodicity is transparent to UEs, and eNB can transmit the enhanced PBCH burst at any reasonable time from the eNB perspective. However, UEs have to perform blind trials for the enhanced PBCH burst till decoding correctly, so UEs in such case would have higher power consumption. 

Alternatively, the periodicity could be specified beforehand. For the first time of the enhanced PBCH decoding, UEs have to perform blind trials, but afterwards, UEs could find the specific location of the enhanced PBCH burst according to the periodicity parameter. In this case, UEs could save power when decoding PBCH again afterwards. 
The predefined periodicity could be determined by the acceptable UE power consumption or by restricting the spectral efficiency loss to an acceptable value. For example, five 40ms PBCH bursts per 1024 radio frames would correspond to roughly a 2% overhead for enhanced coverage PBCH. The periodicity in this case would be ~200 radio frames.
Hence, the second proposal related to intermittent transmission is:
Proposal 5: Specify the periodicity for the enhanced PBCH burst, considering the acceptable spectral efficiency loss (e.g., ~200 radio frames for 2% overhead).
3 Conclusions

In this contribution, the related issues in specifying the enhanced PBCH transmissions are discussed, which lead to the following proposals:
Proposal 1: Specify repetitions of the current PBCH in the 40ms period if all of the available resources (not assigned to PSS/SSS, control channels, reference signals) during the period are allowable for PBCH repetitions. 
Proposal 2: Consider extending the PBCH periodicity for new UEs needing enhanced coverage if repetitions of the current PBCH in 40ms are not achievable.

Proposal 3: The periodicity (if extended) of PBCH for new UEs needing enhanced coverage and the repetition times per downlink subframe are FFS.
Proposal 4: The enhanced PBCH is transmitted intermittently with a certain periodicity.
Proposal 5: Specify the periodicity for the enhanced PBCH burst, considering the acceptable spectral efficiency loss (e.g., ~200 radio frames for 2% overhead).
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