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1 Introduction

In RAN1#79, it was agreed that PBCH related agreements in Rel-12 are applicable (with a few minor modifications) for Rel-13 low cost UEs and for UEs operating under coverage enhancements. No new MIB is introduced (legacy PBCH is utilized) while the use of spare bits is FFS [1]. 

This contribution reviews the Rel-12 agreements and working assumptions related to PBCH transmission for Rel-13 low cost UEs and considers possible use cases for the spare bits of the MIB.

2 PBCH Transmission and Contents 
The required coverage enhancement for PBCH is 7.7 dB. With ideal channel estimation, this would require 6 repetitions of the legacy PBCH transmission and they can roughly be accommodated in two subframes (about 5 repetitions can be accommodated considering PSS/SSS and 3 PDCCH symbols). However, for operating SINRs below -10 dB, BLER losses from actual channel estimation can exceed 2 dB (e.g. [2]) even when inter-subframe CRS filtering or CRS power boosting is used (also, for TDD operation, extended inter-subframe interpolation is not possible.) Therefore, PBCH repetitions over 4 subframes are preferable for robust performance but even then a margin for implementation non-idealities at very low SINRs (e.g. filtering, synchronization, AGC/ADC operation, etc.) is not provided. The 4 subframes can be the ones where DL transmissions with full power are always guaranteed, namely subframes 0, 4, 5, and 9 in FDD and subframes 0, 1, 5, and 6 in TDD. In TDD, as subframe 1 is always a special subframe and subframe 6 can be a special subframe, the UE can assume a sufficiently large DwPTS length, such as DwPTS of 6 or 9 symbols, for PBCH transmission. Alternatively, or in combination, subframe 9 can be used in TDD if UL/DL configuration 0 can be assumed to not be used in frames with PBCH transmissions to Rel-13 low cost UEs (e.g. the network can avoid scheduling UL transmissions or can ignore UL transmissions in subframe 9 if it actually uses UL/DL configuration 0). 
A “keep trying” approach has been previously proposed [3] where, even without repetitions or with a small number of repetitions, a UE can eventually detect the MIB given a sufficient number of decoding attempts. This can be fundamentally explained by variations in fading (it is statistically unlikely that variations in noise will be aligned in all PBCH REs and over the entire subframe to provide a significant SINR boost for UEs in worst coverage conditions). However, for stationary UEs, such fading variations are an artifact of the simulation channel model that, even with Dopper shift of 1 Hz, introduces full time diversity over periods of tens or hundreds of milliseconds. For example, for a Ricean channel model or for any channel model with a primary multipath component dominated by path-loss without time diversity (e.g. no mobility), a respective UE will practically never get “lucky” to decode the PBCH. It is also noted that a “keep trying” approach could be applicable to other channels, such as a PDSCH conveying a SIB, for which a smaller number of repetitions that necessary could be used but with repetitions in time at the expense of a longer acquisition time. However, existence of opportunistic fading should not be the basis for realistic operation (in addition to such issues as prolonged acquisition time and increased probability of false detection).    

Proposal 1: PBCH repetitions are transmitted in subframes 0, 1, 5, and 9 for FDD and in subframes 0, 1, 5, and 6 for TDD - FFS for subframe 9 in TDD. 
With a number of repetitions for a PBCH transmission that can best ensure PBCH detection by a coverage limited Rel-13 low cost UE, overhead can be controlled by intermittent transmissions of such repetitions. Two options have been identified [1]; dynamic on/off of repetitions per 40x msec cycle basis (option B) and repetition based on pattern(s) across a given number of cycles (option C). Option C can be beneficial in minimizing UE power consumption when the UE wakes up from an extended DRX cycle and needs to re-acquire the SFN through the MIB (UE either knows the SFN or knows the SFN within a small error). A network can also align extended DRX cycles with PBCH repetition patterns. Option C can also be beneficial to active UEs, including Rel-12 ones, as they can know the frames where PBCH repetitions are transmitted and can do appropriate rate matching for a PRB allocation that includes some of the middle 6 PRBs. As option C involves RRC configuration, it can be optional and a network can always apply option B if it so chooses.
Proposal 2: PBCH repetitions are based on pattern(s) across a given number of cycles (option C).
PBCH resource mapping should consider all REs used to transmit each PBCH segment except for REs used to transmit PDCCH, PSS/SSS, and CRS (legacy PBCH can be considered as one of the repetitions). Rate matching can apply over the REs and it is therefore not required that the REs are selected so that they support an integer number of repetitions. As a Rel-13 low cost UE cannot know the number of PDCCH symbols, at least prior to PBCH decoding, 3 symbols can be assumed for PDCCH transmission (the network can choose whether to avoid transmitting the PDCCH over 4 symbols in subframes with PBCH repetitions in case of a 1.4 MHz or 3 MHz DL bandwidth). 
Proposal 3: PBCH repetitions are mapped to all REs in respective subframes expect for REs in the first 3 symbols and for REs that can be used to transmit PSS/SSS and CRS.

The MIB contains 10 spare bits. The use of some of the spare bits to facilitate operation for the network and the Rel-13 low cost UEs (e.g. improved spectral efficiency, reduced number of repetitions for DL transmissions, reduced UE power consumption, etc.) was discussed during RAN1#79. It is preferable to not always assume that only 11 subframe symbols are available for the transmission of PDSCH (including common control signaling such as SIB that requires a very large number of repetitions particularly for coverage enhanced operation [1]). For example, receiving a PDSCH over 13 subframe symbols instead of 11 subframe symbols increases resources by 18% (practically, more than 18% considering that no other signals may exist in the second and third symbols of the subframe). Using only 1 symbol for PDCCH can typically occur during off-peak periods, in small cells, in suburban cells, etc. Therefore, 2 spare bits from the MIB can be used to indicate the number of subframe symbols the Rel-13 low cost UE shall assume to be reserved for PDCCH transmissions (one of the four values can be reserved). To minimize power consumption, the MIB can also indicate whether the network supports Rel-13 low cost UEs (and, consequently, whether it supports coverage enhancements).
Proposal 4: The MIB indicates the subframe symbol where a Rel-13 low cost UE shall start PDSCH reception through the use of 2 spare bits. The MIB indicates whether the network supports Rel-13 low cost UEs through the use of 1 spare bit.
3 Conclusions

This contribution considered aspects for the PBCH transmission to Rel-13 low cost UEs requiring coverage enhancements. In particular, the following are proposed.
Proposal 1: PBCH repetitions are transmitted in subframes 0, 1, 5, and 9 for FDD and in subframes 0, 1, 5, and 6 for TDD - FFS for subframe 9 in TDD. 

Proposal 2: PBCH repetitions are based on pattern(s) across a given number of cycles (option C).

Proposal 3: PBCH repetitions are mapped to all REs in respective subframes expect for REs in the first 3 symbols and for REs that can be used to transmit PSS/SSS and CRS.

Proposal 4: The MIB indicates the subframe symbol where a Rel-13 low cost UE shall start PDSCH reception through the use of 2 spare bits. The MIB indicates whether the network supports Rel-13 low cost UEs through the use of 1 spare bit.
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