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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 #74bis. 

· 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 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 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. 

To achieve a coverage enhancement target of 10.7 dB, repetitions of each legacy PBCH segment will need to be used possibly together with power boosting. The required coverage enhancement can be met with the existing PBCH design using transmissions of 4 segments in 4 respective frames (e.g. [3]). 

Another possible scheme, which is to just continue attempting to decode legacy PBCH for a longer time, was proposed [4]. The scheme can be based on implementation with the lowest impact on specifications. Simulation results from [5], for example, have shown that PBCH can be decoded with high probability given sufficient number of attempts. However, as the acquisition time for PBCH can be long by using this scheme alone, it is preferable to use this scheme combined with other enhancements such as repetition and boosting, even if the gains are not additive if the repetition is not done in every frame.
PBCH repetitions obviously imply more overhead. To mitigate the overhead problem, it was proposed in [6] and [7] that the PBCH repetitions occur only within given time windows of 40 ms and the rest of the time PBCH is transmitted in conventional way. An alternative could be that repetitions are in every frame continuously [8] with smaller number of repetitions in each frame. Comparing intermittent repetition and continuous repetition, intermittent repetition is preferred and should be supported, given the advantage of potential flexibility in configuration, not to complicate the relative timing relations with SIBs acquisition, and so on.
An MTC UE in an enhanced coverage mode can perform two decoding operations in each frame to acquire a MIB; one decoding operation for a legacy PBCH reception and one decoding operation for PBCH repetitions (referred to as MTC-PBCH) reception combined with a PBCH reception. An MTC UE in an enhanced coverage mode benefits from a decoding operation of a conventional PBCH in a frame as, in case of intermittent transmissions of a MTC-PBCH, this can lead to faster detection of a MIB as it can be acquired by an MTC UE through a PBCH detection in a frame that an MTC-PBCH is not transmitted. An MTC UE in an enhanced coverage mode also benefits from a decoding operation of a MTC-PBCH as it provides a higher detection probability than a conventional PBCH in a frame that a MTC-PBCH is transmitted.

Observation 1: Intermittent repetition is supported. Continuing attempting to decode legacy PBCH is combined with repetition and possibly power boosting. An MTC UE in an enhanced coverage mode can perform two decoding operations in each frame to acquire a MIB.  
After acquiring PSS/SSS, an MTC UE will need to proceed with acquiring PBCH. Then, for intermittent repetition of PBCH, 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. Therefore, PBCH repetition should first be considered in DL subframes that cannot be MBSFN subframes.

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. If possible, PBCH repetitions should be contained in DL subframes that cannot be MBSFN. 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: Intermittent repetition is supported. Continuing attempting to decode legacy PBCH is combined with repetition and possibly power boosting. An MTC UE in an enhanced coverage mode can perform two decoding operations in each frame to acquire a MIB.  

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. If possible, PBCH repetitions should be contained in DL subframes that cannot be MBSFN. Rel-12 UEs need to be informed of frames with PBCH repetitions. 
References

[1] RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE”, Vodafone
[2]TR 36.888 v12.0.0, “Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE”
[3] R1-132880, “Further discussion on PBCH coverage improvement for low cost MTC”, Huawei

[4] R1-132908, “An Analysis of Repetition and “Keep Trying” PBCH Decoding Methods”, Sierra Wireless
[5] R1-134145, “Keep Trying Method for PBCH Decoding”, Sierra Wireless

[6] R1-130886, “Further analysis and evaluation for PBCH coverage improvement for MTC”, Huawei, HiSilicon

[7] R1-130938, “PBCH coverage extension for MTC devices”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[8] R1-134605, “PBCH channel design for MTC coverage enhancements”, Qualcomm Inc.
PAGE  
1

