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1 Introduction

The Work Item (WI) on MTC UEs [1] includes two aspects with large impact: the use of 1 Rx antenna and (obviously) the target for a 15 dB coverage enhancement (for FDD). 
For PBCH coverage enhancements for MTC UEs, the following was agreed in 3GPP TSG RAN WG1 #74. 

· 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
 This contribution provides discussions on PBCH design aspects to enhance the PBCH coverage for MTC UEs.

2 Coverage Enhancements for PBCH
In [2], the required coverage enhancement for PBCH in FDD was found to be 11.7 dB (some further discussion is needed for TDD) for a MTC UE with 2 Rx antennas and a coverage enhancement target of 20 dB. The WI specification for a MTC UE with 1 Rx antenna and a coverage enhancement target of 15 dB reduces the required coverage enhancement for PBCH in FDD by 1 dB to 10.7 dB as the additional coverage loss for 1 Rx antenna, relative to 2 Rx antennas, is assumed to be 4 dB. 

A coverage enhancement target of 10.7 dB implies that extensive repetitions of each legacy PBCH segment will be needed possibly together with power boosting. Nevertheless, the required coverage enhancement can be met with the existing PBCH design using transmissions of 4 segments in 4 respective frames (e.g. [3]). Therefore, a new PBCH design with more than 4 segments in order to provide more repetitions is not required and neither is an associated increase in MTC UE complexity (to support more blind decoding operations and larger buffer size). 
Reducing the contents of MIB for coverage limited MTC UEs is not preferable as the associated gains are marginal and are partly or completely offset by the ability to treat the conventional PBCH transmission as one of the repetitions. Moreover any associated impact on RAN2 is avoided. Similarly, although more beneficial than reducing the contents of the MIB, reducing the CRC length for the MTC MIB is not preferable as it can have a significant impact on the false alarm probability since for coverage limited MTC UEs the BER is very high. In terms of overhead reductions, intermittent transmissions largely achieve this goal and further optimizations adjusting a particular PBCH repetition structure to an estimated coverage enhancement are not necessary as they will lead to a material increase in specification/implementation/testing complexity and may affect network complexity for trivial overhead reductions.

Observation 1: The PBCH design for MTC UEs can rely only on repetitions and power boosting. There is no need to change the contents of the MIB or reduce the CRC length. The repetition requirements can be defined for a coverage enhancement of 10.7 dB in FDD.  
Extensive repetitions obviously imply significant overhead which will have to be mitigated by intermittent transmission of PBCH for MTC UEs. However, after acquiring PSS/SSS, an MTC UE will need to proceed with acquiring PBCH. Then, if the PBCH for MTC UEs is only transmitted over very long time periods, this can have a non-negligible impact on the MTC UEs power consumption even if the associated PBCH decoding latency can be tolerable. Therefore, a proper balance between PBCH overhead and MTC UE power consumption for PBCH detection should be determined. Clearly, the lower the required number of PBCH repetitions for the targeted coverage enhancement, the lower the respective MTC UE power consumption for the same resource overhead as the PBCH can be transmitted more frequently. It is also beneficial to enable a coverage limited MTC UE to determine in a simple manner whether or not respective PBCH repetitions exist in a frame. This can allow very long periods between intermittent PBCH transmissions without penalizing power consumption. For example, a UE can simply correlate hypothetical REs containing PBCH repetitions to determine whether actual PBCH repetitions exist and power off in the remaining of the frame if it determines an absence of PBCH repetitions. 
Observation 2: It is beneficial to enable a MTC UE to determine in a simple manner whether PBCH repetitions exist in a frame in order to allow long periods between intermittent transmissions of PBCH repetitions while minimizing MTC UE power consumption. 
Design commonalities for PBCH repetitions should be pursued for FDD and TDD, as for legacy PBCH, as fragmentation of implementations is not desirable. Therefore, a single design for PBCH repetitions for FDD and TDD is beneficial. Then the bottleneck lies in the available resources for PBCH repetitions in TDD. If all TDD UL-DL configurations are supported for MTC UEs requiring coverage enhancements, only SF#0 and SF#5 can be practically used for MTC-PBCH, considering that a smallest DwPTS length in special SF is 3 symbols. If TDD UL-DL configuration 0 is not supported for coverage enhancements, SF#9 can be additionally used to transmit PBCH repetitions. Further, if the special subframe configurations having a DwPTS length of 3 or 6 symbols are not supported for PBCH coverage enhancements, SF#1 and SF#6 can be additionally used to transmit PBCH repetitions. Therefore, given that the required PBCH coverage can be met in FDD without power boosting, a common PBCH design can be achieved for FDD and TDD, as for conventional operation, while relying on limited power boosting (e.g. ~2-3 dB).
Observation 3: A single design for PBCH repetitions for FDD and TDD is preferable. TDD UL-DL configuration 0 may not be supported for PBCH coverage enhancements to allow for DL transmissions in 5 subframes. 
It is also possible that when PBCH repetitions are transmitted, they need to occur in subframes that are configured as MBSFN subframes, or as ABS, or contain CSI-RS. For MBSFN subframes, CRS will need to be transmitted in the middle 6 PRBs of the DL bandwidth. Otherwise, an eNB needs to override the configuration of MBSFN subframes when repetitions of PBCH are transmitted but this will affect operation of legacy UEs especially when MBSFN subframes are used for ICIC and for CRS overhead/interference reduction. To accommodate CSI-RS transmissions, a network can puncture the colliding REs for the PBCH repetitions in the respective subframe(s). Also, given that PBCH repetitions are intermittent, Rel-12 UEs should be informed by higher layers of the frames where PBCH repetitions occur in order to determine whether PDSCH should be received in RBGs that include PRBs from the middle 6 PRBs of the DL bandwidth.  

Observation 4: Coverage enhancement for a PBCH transmission needs to be considered in conjunction with configuration of MBSFN subframes, ABS, and CSI-RS transmissions. Rel-12 UEs need to be informed of frames with PBCH repetitions. 

3 Conclusions

This contribution considered PBCH design aspects associated with achieving a required coverage  for MTC UEs. In particular, the following are observed.
Observation 1: The PBCH design for MTC UEs can rely only on repetitions and power boosting. There is no need to change the contents of the MIB or reduce the CRC length. The repetition requirements can be defined for a coverage enhancement of 10.7 dB in FDD.  

Observation 2: It is beneficial to enable a MTC UE to determine in a simple manner whether PBCH repetitions exist in a frame in order to allow long periods between intermittent transmissions of PBCH repetitions while minimizing MTC UE power consumption. 
Observation 3: A single design for PBCH repetitions for FDD and TDD is preferable. TDD UL-DL configuration 0 may not be supported for PBCH coverage enhancements to allow for DL transmissions in 5 subframes. 
Observation 4: Coverage enhancement for a PBCH transmission needs to be considered in conjunction with configuration of MBSFN subframes, ABS, and CSI-RS transmissions. Rel-12 UEs need to be informed of frames with PBCH repetitions. 
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