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1 Introduction

Use of spare MIB bits to support or improve functionality of Rel-13 low cost UEs was discussed in RAN1#80 (e.g. [1]). Also, according to the WA from RAN1#80, the CFI value that a Rel-13 low cost UE assumed in a subframe is provided by the SIB-1 for Rel-13 low cost UEs and, for the purposes of this contribution, this WA is assumed.
This contribution considers possible functionalities that can be supported by spare MIB bits in order to improve operation for Rel-13 low cost UEs.

2 Potential Functionalities for Spare MIB Bits
There are 10 spare bits in the MIB that can be potentially used to enhance operation for Rel-13 low cost UEs. However, a sufficient number of bits need to be preserved for forward compatibility. 

The number of spare bits in the MIB that can be available for Rel-13 low cost UEs can be increased if the 3 bits associated with PHICH configuration for legacy UEs can be regarded as spare bits for Rel-13 low cost UEs. This means that the WA from RAN1#79 that the legacy PBCH is used by Rel-13 low cost UEs is not confirmed. This also means that Rel-13 low cost UEs cannot use the legacy MIB and PBCH repetitions conveying MIB for Rel-13 low cost UEs are always needed (this is anyway likely due to the 4 dB loss associated with the 1 Rx for low cost UEs). Therefore, using the 3-bits in the MIB for legacy UEs as spare bits for Rel-13 low cost UEs can be considered if functionalities with sufficient benefit (e.g. power consumption, system access latency, or spectral efficiency) for Rel-13 low cost UEs require a large number (e.g. more than 5) spare bits from the 10 spare bits of the legacy MIB. Otherwise, it can be more beneficial to re-use the exact contents of the legacy MIB in order to have one ‘free’ PBCH repetition and not have to repeat PBCH in all deployment scenarios.
Observation 1: Consider re-use of the 3 bits for PHICH configuration if justified for enhancing operation for Rel-13 low UEs. Otherwise, confirm the WA that the legacy PBCH (MIB) is re-used by Rel-13 low cost UEs.
Support for Supportable Coverage Enhancement Level
Indication of the coverage enhancement (CE) level a network supports can be beneficial for a Rel-13 low cost UE in determining a number of repetitions for SIB-1 transmission. As the difference in the number of repetitions for SIB-1 transmission between the maximum CE level and no CE (e.g. minimum supportable SINR of -4dB) is several hundred [2] and as not all subframes can be assumed available for SIB-1 transmission (e.g. in case of ABS, MBSFN, TDD), always assuming the maximum number of SIB-1 repetitions corresponding to the maximum CE level (CE level is not indicated by the MIB) can significantly prolong system access time and waste UE power when the network transmits SIB-1 with fewer repetitions than the Rel-13 UE requires. Also, forcing a network to transmit SIB-1 with the number of repetitions corresponding to the maximum CE level (and then indicate supportable CE level in SIB-1) is wasteful in terms of spectral efficiency for the network.   

Proposal 1: Two spare bits in the MIB indicate the supportable coverage enhancement level in the network.

Support for Rel-13 Low Cost UEs
Assuming that CE support for Rel-13 low cost UEs is prioritized in Rel-13 (as specified in the WID – e.g. Rel-13 will not support CE for legacy UEs if it does not support CE for Rel-13 low cost UEs), there is little motivation for the network to indicate support for Rel-13 low cost UEs if the network indicates the supportable CE level. This assumes that Rel-13 low cost UEs will always require CE operation due to the worse link budget. However, a network may still choose to support Rel-13 low cost UEs having sufficiently good SINR when the network does not support CE. 

If the indicated supported CE level is non-zero (i.e. repetitions are supported), then this by default means that Rel-13 low cost UEs are supported. If the indicated supported CE level is zero, a Rel-13 low cost UE will continue with an attempt to detect SIB-1 in order to determine whether or not the network supports Rel-13 low cost UEs (and unlike a Rel-12 Cat0 UE, the Rel-13 low cost UE will have to rely on SIB-1 decoding failure). Even though the number of SIB-1 repetitions for non-CE operation is rather small (e.g. 16-32), it is preferable for a Rel-13 low cost UE to determine as soon as possible whether or not the network can support it. 

Proposal 2: One spare bit in the MIB indicates whether the network supports Rel-13 low cost UEs. 

Time-Frequency Position for SIB-1
Regardless of whether a CSS is defined for Rel-13 low cost UEs, indication of the time-frequency position for SIB-1 is not necessary. Once the Rel-13 UE obtains the DL system BW from the MIB, it can determine time-frequency positions for transmission of SIB-1 according to the indicated CE level and according to a frequency (sub-band) hopping pattern determined from the SFN and the PCID. Different hopping patterns can be defined for different PCIDs and this can practically avoid that a Rel-13 low cost UE detects SIB-1 from a neighboring cell and not from the cell it detected PSS/SSS and MIB. This holds even if a same scrambling applies for the SIB-1 transmitted from the desired cell and from the neighboring cell. Also, interference from another eNB, if any, will be more severe on PSS/SSS and the MIB.
Observation 2: There is no need to indicate the time-frequency position for SIB-1 in the MIB as a Rel-13 low cost UE can obtain this information without requiring use of MIB spare bits.

TBS for SIB-1
For SIB scheduling, it is important to maintain flexibility at least for the TBS (flexibility in RB assignment is less important as the scheduler anyway needs to avoid SIB RBs due to repetitions and frequency-dependent scheduling is not meaningful for UE-common signaling). As different contents of a SIB need to have different update rates, for example CIF or an UL/DL configuration may need to be updated more often, it is important to maintain the flexibility in adjusting the TBS and not always transmitting with the maximum TBS. RAN2 also confirmed the above and further concluded that it should be possible to configure features in SIB as required by the operator.

TBS flexibility for SIB-1 can be provided either by using spare bits in the MIB or by supporting CSS for Rel-13 low cost UEs and using a DCI format with SI-RNTI to schedule SIB-1. A corresponding analysis of trade-offs is provided in [3]. As a DCI format requires far fewer repetitions than SIB-1 for any CE level and especially for the higher CE levels where it is most “expensive”, as it can offer more flexibility to the network for scheduling SIB-1, and as support of CSS is needed in practice for RAR and paging scheduling [3], it is preferable to indicate TBS for SIB-1 using a DCI format in a CSS for Rel-13 low cost UEs in a similar manner to using a CSS for legacy UEs. 
Observation 3: It is beneficial for a network to be able to indicate TBS for SIB-1 and it is preferable that this is supported by a DCI format in a CSS as for legacy UEs. 

SFN Extension
SFN extension may be necessary in the MIB in case SIB-1 starting transmission subframe is defined relative to the SFN as, at least for the largest CE level, it can take more than an SFN cycle to transmit SIB-1 (e.g. in case of TDD CL/DL configuration 0 or in FDD considering existence of MBSFN and/or ABS). However, as previously mentioned, it is preferable that SIB-1 is scheduled by a DCI format and, even for the largest CE level, the number of required repetitions are sufficiently smaller than the SFN cycle even if the DCI format can be transmitted only in few subframes per frame.     
Observation 4: It is not necessary to extend the SFN. 

Other Information
In order to minimize the time a Rel-13 low cost UEs requires to detect SIB-1, and therefore minimize network access time and UE power consumption and probably reduce number of repetitions as DMRS inter-subframe filtering can be improved by including more subframes, it is beneficial to use all/most DL subframes that can support SIB-1 transmission. These benefits are even more important to the ones for indicating in the MIB the CE level supported by the network due to enabling more efficient DMRS inter-subframe filtering.
For a TDD system, this can be achieved by indicating the UL/DL configuration in the MIB. It can be possible to save 1 bit and indicate only one of the first 4 UL/DL configurations as UL/DL configurations #4 and #6 have only one additional DL subframe than UL/DL configurations #3 and #0, respectively, and UL/DL configuration #5 represents a best-case scenario in terms of DL subframes and is usually atypical for legacy UEs. 
For a FDD system, 2 bits can again be used with 1 state corresponding to the availability of the minimum set of subframes {0, 4, 5, 9} and the three other states corresponding to three other predetermined configurations with additional DL subframes for SIB-1 transmission. 
Proposal 3: Two spare bits in the MIB indicate the DL subframes per frame where SIB-1 is transmitted.
3 Conclusions

This contribution considered potential uses for the spare bits in the MIB for Rel-13 low cost UEs. In particular, the following are proposed.

Proposal 1: Two spare bits in the MIB indicate the supportable coverage enhancement level in the network.

Proposal 2: One spare bit in the MIB indicates whether the network supports Rel-13 low cost UEs. 

Proposal 3: Two spare bits in the MIB indicate the DL subframes per frame where SIB-1 is transmitted.
In addition, the following observations are made.

Observation 1: Consider re-use of the 3 bits for PHICH configuration if justified for enhancing operation for Rel-13 low UEs. Otherwise, confirm the WA that the legacy PBCH (MIB) is re-used by Rel-13 low cost UEs.

Observation 2: There is no need to indicate the time-frequency position for SIB-1 in the MIB as a Rel-13 low cost UE can obtain this information without requiring use of MIB spare bits.

Observation 3: It is beneficial for a network to be able to indicate TBS for SIB-1 and it is preferable that this is supported by a DCI format in a CSS as for legacy UEs. 

Observation 4: It is not necessary to extend the SFN. 
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