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1 Introduction
One of the objectives of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.

In contribution [2] we discussed the required link budget improvement for each physical signal/channel in FDD. For PBCH, the required improvement was found to be about 10.7 dB for the new low-complexity UE type and 6.7 dB for other LTE UEs. Since PBCH needs to be received by all UE types, a 10.7 dB coverage improvement on PBCH needs to be the design target. In contribution [3] we presented solutions and results for transmission of PBCH and system information in general.
RAN#75 agreed on the following:
· 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 contribution we discuss our preferred options.
2 Discussion
2.1 MIB transmission

In contribution [3] we presented simulation results indicating that the PBCH can be decoded with high probability given a sufficiently large number of attempts. If additional PBCH repetitions are present, the MIB acquisition time can be reduced, but in many scenarios sufficient coverage can be achieved without introduction of additional PBCH repetitions in the cell, for example in case the cell is configured with a modest coverage enhancement, e.g. 5 dB rather than 15 dB. Therefore it ought to be optional for the network to transmit additional PBCH repetitions in a cell.
Observation:
· PBCH can be decoded with high probability given sufficient number of attempts.
· In many scenarios, sufficient PBCH coverage may be achieved with acceptable MIB acquisition time without the introduction of additional PBCH repetitions.
Proposals:
· The network may configure the cell with optional additional PBCH repetitions.
· The presence of additional PBCH repetitions is not used to indicate supported coverage enhancement.
It has already been agreed that “user data and MIB repetition are assumed not to be sent in the same PRBs”. Furthermore the PBCH repetitions should be mapped to REs that are not already reserved for other channels, specifically PSS/SSS, CRS, PDCCH and SIB1. However, we propose that the PBCH repetitions are mapped under the assumption that there are no CSI-RS REs in the same PRB, since it is difficult to see how the UE would be informed about the PBCH RE mapping before reading PBCH.
Proposals:
· If a UE is scheduled with PDSCH in a particular PRB, the UE can assume there is no PBCH repetition in that PRB.
· The PBCH repetitions are not mapped to REs reserved for PSS/SSS, CRS, PDCCH or SIB1.
· The PBCH repetitions are mapped to REs with the assumption that there is no CSI-RS in the same PRB.
Some cells may provide additional PBCH repetitions while others will not. A UE that wishes to take advantage of potential additional PBCH repetitions will not know in advance whether the additional PBCH repetitions are present in a particular cell. The PBCH repetitions will not be present in a legacy cell or in a cell where PBCH repetitions are currently not configured. Therefore the UE needs to be prepared to try both the hypothesis that the repetition is there and the hypothesis that the repetition is not there. Fortunately, PBCH decoding is not very complex compared to the other processing the UE has to do. One PBCH decoding is approximately comparable in computational complexity to one PDCCH decoding. Options 1-4 result in the same number of PBCH decoding hypotheses.
From network point of view it would be beneficial to be able to activate and deactivate the PBCH repetitions not only through cell reconfiguration but also more dynamically, ideally on PBCH transmission time interval basis (40 ms). This would for example allow the network to skip a PBCH repetition in order to prioritize the transmission of a paging message and in general give a larger flexibility in the scheduling. In our view this flexibility is offered by option B but not by options A and C. For option C we even see a risk for recurring collisions between periodic PBCH repetitions and paging messages.
It has been argued that option C would provide a potential for power consumption reduction but we are not convinced that there are any significant savings to be made.

With regard to the number of repetitions, we think that option 2 seems to strike a good balance. Options 3 and 4 do not support all TDD UL-DL configurations. Adoption of option 3 or 4 would either require a decision to be made regarding what TDD UL-DL configurations to support or different repetition solutions for different TDD UL-DL configurations which would drive up the number of PBCH decoding hypotheses.

Observation:
· The computational complexity associated with decoding a PBCH is very modest.
· Options 3 and 4 are not feasible in all TDD UL-DL configurations.
Proposals:
· PBCH repetitions can be dynamically (de)activated every 40 ms.
· The PBCH repetitions are mapped to SF#0 in even and odd frames + SF#5 in odd frames.
2.2 SIB transmission

In contribution [3] we presented an analysis concluding that dynamic resource allocation for each SIB transmission would not be feasible due to the associated overhead. We see two alternatives that can be considered for SIB scheduling in enhanced coverage mode.

One alternative is to enhance the coverage for some or all of the existing SIBs. SIB1, SIB2 and SIB14 contain the type of information that is critical in order to be able to set up an RRC connection.

· The scheduling of the coverage enhanced SIB1 could either be indicated using an enhanced coverage common search space (E)PDCCH, or be indicated using currently unused bits in MIB, or be fixed in the standard.

· The scheduling of the coverage enhanced SIB2, SIB14 and any other coverage enhanced SIBs could also be indicated using an enhanced coverage common search space (E)PDCCH, or be indicated in a new field in SIB1.
Another alternative is to introduce a new SIB which will contain at least all information that is critical in order to be able to set up an RRC connection.

· The scheduling of the new SIB could either be indicated using an enhanced coverage common search space (E)PDCCH, or be indicated using currently unused bits in MIB, or be fixed in the standard.

Proposal:
· Discuss SIB format and scheduling and identify aspects to be brought up with RAN2.
3 Conclusions

Proposals:
· The network may configure the cell with optional additional PBCH repetitions.
· The presence of additional PBCH repetitions is not used to indicate supported coverage enhancement.
· If a UE is scheduled with PDSCH in a particular PRB, the UE can assume there is no PBCH repetition in that PRB.
· The PBCH repetitions are not mapped to REs reserved for PSS/SSS, CRS, PDCCH or SIB1.
· The PBCH repetitions are mapped to REs with the assumption that there is no CSI-RS in the same PRB.
· PBCH repetitions can be dynamically (de)activated every 40 ms.
· The PBCH repetitions are mapped to SF#0 in even and odd frames + SF#5 in odd frames.
· Discuss SIB format and scheduling and identify aspects to be brought up with RAN2.
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