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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  The coverage enhancement for PBCH was discussed in the previous meeting and the following was agreed:
· Repetition should be specified as a method to improve coverage.

· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs

· PBCH repetition occurs within 40msec
· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.
· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)

· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting
· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes

· FFS which TDD DL/UL configurations will be supported
· Supporting all TDD DL/UL configuration is considered
This contribution tries to further discuss PBCH and address some of these FFS.
2 Discussions
In the previous meeting, it was agreed that repetition of PBCH is used for coverage enhancement, where it was left FFS whether the repetition is continuous or intermittent.  We consider the following:

· Continuous repetition: Enables the Coverage Enhanced MTC UE (CE-MTC UE) to acquire the PBCH quickly.  However, it would consume a large amount of resources which can be significant especially for networks with small system bandwidth
· Intermittent repetition: CE-MTC UE takes longer to acquire PBCH compared to using continuous repetition.  However, intermittent repetition requires less resources and allows the eNB flexibility in determining the amount of resources used for PBCH (assuming the parameters of the intermittent repetition are configurable)

Since CE-MTC UEs are delay tolerant, the potential advantage of having shorter PBCH acquisition time in using continuous repetition is not significant.  Furthermore, in the intermittent repetition, the CE-MTC UE can utilise the “Keep Trying” method [2] with the legacy PBCH between the bursts of PBCH repetitions.
Proposal 1: PBCH repetitions are transmitted intermittently.

In [3], we defined two parameters for intermittent PBCH repetitions namely the burst period TS and the intermittent repetition cycle TC as shown in Figure 1.  Since we agreed to maintain the 40 ms PBCH period, TS will be multiples of 40 ms (PBCH period), where where the desired number of repetitions are contained within each PBCH period. Since these parameters cannot be signalled to the CE-MTC UE, they need to be blindly detected by the CE-MTC UE and there is no need for the eNB to signal these parameters to the CE-MTC UE.  The eNB should therefore have flexibility to configure the parameters TS and TC for example based on the expected loading of CE-MTC UEs [3].  The selected value of TS should be long enough for a CE-MTC UE to decode the PBCH within a single repetition burst given the required level of coverage in a given cell, while the value of TC allows a trade-off between PBCH detection delay and overhead. The possible values that can be used for TS and TC should be specified in the specifications.
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Figure 1: Intermittent PBCH parameters

Proposal 2: Allow the eNB flexibility to configure the parameters TS and TC for intermittent PBCH repetition.

Since not all cells require the full 15 dB coverage enhancement, it can be beneficial in terms of resources that the repetition levels for the PBCH are scaled according to the desired level of coverage extension.  However, having supporting different numbers of PBCH repetitions will increase the complexity of the blind decodings required by the CE-MTC UE.  Furthermore the resource consumption can be controlled using the intermittent parameters TS and TC.  It would therefore be sufficient to have just 2 levels of repetitions, i.e.:

1) Legacy repetition, (i.e. 4  PBCH repetitions per 40 ms, using the legacy PBCH structure).  This can be used if the coverage extension required is not significant, e.g. 5 dB extension.  The CE-MTC UE would use the “Keep Trying” method to acquire the PBCH. At these relatively modest levels of coverage extension, the PBCH BLER operating point would be in the region 10%-50%, so the “Keep Trying” method can provide acceptable reliability. 
2) More than 4 PBCH repetitions per 40 ms.  This can be used if the coverage extension is significant, e.g. larger than 5 dB where relying on “Keep Trying” method can be unreliable and lead to long acquisition time.

Proposal 2:  The PBCH can operate in just two repetition modes:
· Legacy PBCH, i.e. the existing 4 PBCH repetitions per 40 ms

· More than 4 PBCH repetitions per 40 ms

In the working assumption, the legacy PBCH format is used for CE-MTC UE, which means that all the legacy fields are supported, i.e. number of symbols for PHICH, SFN and system bandwidth.  The legacy PBCH contains 10 spare bits, some of which can be used for additional information needed by CE-MTC UEs, such as to indicate the resource allocation for SIBs (e.g. SIB1).  Here a predefined index of possible SIB(1) resource allocation and the amount of repetitions can be defined in the specifications (e.g. a function of the system bandwidth and/or Cell ID) and the MIB would indicate using an index which resource allocation and repetitions are used.  This would enable PDCCH-less SIB acquisition and avoid having the CE-MTC UE to blind decode for the SIBs. Alternatively, the SIB resource allocations could be determined as a function of the system bandwidth and cell ID, although this would impose more of a constraint on the scheduler. 
Proposal 3: Confirm the working assumption to use the legacy PBCH format.

Proposal 4: The SIB repetitions and resource allocation can be indicated by a predefined index in the MIB and/or be a function of the system bandwidth and Cell ID
3 Conclusion

In this contribution we discuss some characteristics of the PBCH channel used for coverage enhancement.  We propose the following:
Proposal 1: PBCH repetitions are transmitted intermittently.

Proposal 2:  The PBCH can operate in just two repetition modes:

· Legacy PBCH, i.e. the existing 4 PBCH repetitions per 40 ms

· More than 4 PBCH repetitions per 40 ms

Proposal 3: Confirm the working assumption to use the legacy PBCH format.

Proposal 4: The SIB repetitions and resource allocation can be indicated by a predefined index in the MIB and/or be a function of the system bandwidth and Cell ID
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