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1 Introduction

SIB-1 scheduling for Rel-13 low cost UEs was discussed in RAN1#81 and the following were agreed. 
Agreements:
· The number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs.

· Scheduling information for MTC SIB1

· TBS of MTC SIB1 is based on information in the MIB.

· Frequency location of MTC SIB1 is derived from at least PCID.

· Time location 

· Possible subframes are {0,4,5,9} for FDD and {0,5} for TDD. FFS subframes {1,6} for TDD. 

· FFS: Whether the subframes and frames are signaled in MIB and/or fixed/predefined in specification.

· Scheduling information for MTC SIBs other than MTC SIB1 are given in MTC SIB1.

· The number of repetitions for MTC SIBs other than MTC SIB1 is configurable by the network. 

· FFS: MTC SIB1.

· FFS: How the network will signal the number of repetitions

This contribution considers remaining aspects for SIB-1 transmission to Rel-13 low cost UEs.

2 SIB-1 Transmission
For the SIB-1 TBS, 2 MIB spare bits for four possible SIB-1 TBS values seem sufficient as a working assumption pending RAN2 confirmation. Different contents of the SIB-1 TBS, such as for example the UL/DL configuration or the CFI [1], need to have different update rates and it is therefore important to maintain the flexibility in adjusting the SIB-1 TBS. 
MTC SIB-1 Transmission Subframes

The number of repetitions for a SIB-1 transmission can be indicated in the MIB or a network can determine it by implementation. Indication in the MIB can be with ~1 spare bit. Having the network determine the number of repetitions according to its target CE level avoids using extra spare bits in the MIB but a UE requiring larger CE than the network can support (the UE can detect PSS/SSS and MIB without being able to detect SIB-1) will unnecessarily keep trying to detect SIB-1. However, this needs only affect initial system access and, as UEs requiring large CE are not expected to support mobility, the impact on UE power consumption or system access latency is not expected to be significant. For subsequent system access, the number of SIB-1 repetitions can be indicated in a SIB (e.g. 2 bits). The SIB-1 TBS can also be considered as an implicit indication for the maximum number of SIB-1 repetitions. 

Proposal 1: The maximum number of repetitions for a SIB-1 transmission can either be specified or the MIB (~1 bit) or be derived by the SIB-1 TBS. Additional information for the number of repetitions for a SIB-1 transmission can be included in a SIB.

The available subframes for repetitions of a SIB-1 transmission are the ones guaranteed to be non-MBSFN/ABS subframes for FDD and TDD. For TDD, this includes subframe #1 (special subframe) and subframe #6 (can be special subframe). A minimum DwPTS length (e.g. 9 symbols) can be assumed for subframe #1 and subframe #6. A DwPTS length of 3 symbols (or of 6 symbols) is designed to provide an excessively large guard period (GP) to accommodate operation in cell sizes near 100 Km. This is not a likely operating scenario for Rel-13 low cost UEs (coverage is already reduced due to 1 Rx and due to possible 20 dBm PA) and need not restrict the system design. A long GP is also needed to provide inter-cell interference protection due to propagation delays. In the unlikely case that support for Rel-13 low cost UEs needs to be provided for extremely large cell sizes (e.g. above 30 Km radius) or to protect against inter-cell interference, this can still be possible by the network implementation not utilizing the last 1-2 symbols of subframe #1 and possibly of subframe #6 for UpPTS to provide additional guard period (overall system impact is negligible) in frames where SIB-1 is transmitted. If needed, an indication whether or not SF#1 and SF#6 are used for SIB-1 transmission can be provided by 1 bit in the MIB. This can provide additional subframes for SIB-1 transmission other than the subframes for MIB transmission. Otherwise, SIB-1 transmission is not possible for TDD at 1.4 MHz and it is generally difficult for the smaller DL system BWs particularly for enabling inter-cell interference randomization in the time/frequency domain and/or power boosting. SIB-1 transmission can also be made similar for FDD and TDD in nearly all deployment scenarios.

Proposal 2: Subframes #0, #4, #5, and #9 are used to transmit SIB-1 in FDD. Subframes #0, #1, #5, and #6 are used to transmit SIB-1 in TDD where, for subframes #1 and #6, a DwPTS length of 9 symbols is assumed. 

MTC SIB-1 Transmission Narrow-bands and Subframes

For DL system BWs larger than 1.4 MHz, PBCH repetitions need not affect the subframes for repetitions of a SIB-1 transmission. For DL system BW of 1.4 MHz, the same solution can apply but subframes where PBCH transmissions occur are by default unavailable for SIB-1 transmission. Regarding use of subframes that can be configured as MBSFN subframes, the necessity is unclear and this can complicate the UE receiver operation, require additional buffering, and power consumption (although decoding of multiple hypotheses in a same subframe is not required). 
Signaling in the MIB for the narrow-bands (NBs) for SIB-1 repetitions is not needed especially as such signaling is not meaningful without tight network coordination to avoid inter-cell interference. The NBs for repetitions of a SIB-1 transmission can be pseudo-randomly determined. Since SIB-1 transmissions are likely to be power boosted, as they require significantly more repetitions than other channels, inter-cell interference randomization should be enabled (inter-cell interference on SIB-1 that cannot be as severe as on PSS/SSS and the MIB that have a significantly better link performance or may not need power boosting). 
Considering that 4 subframes per frame can support repetitions of a SIB-1 transmission (or 2 subframes is SF#1 and SF#6 are not used in TDD), the NBs and the subframes per frame can be derived by the SFN, the PCID, and the DL system BW for a respective FH pattern and total number of SIB-1 repetitions. Interference randomization in the time domain can be by using a subset of available subframes such as only SF#0 and SF#1 or only SF#5 and SF#6 in TDD or only SF#9 and SF#0 or only SF#4 and SF#5 in FDD (this may also increase time diversity gains) per frame or per number of frames depending on the value of X for SIB-1. The PCID can provide a subframe offset or equivalently determine the subset of subframes. Alternatively, all subframes per frame can be used but SIB-1 transmission can be pseudo-randomly intermittent per number of frames. The tradeoff between using all available subframes per frame and consecutive frames and using a subset of available subframes per frame or frames for SIB-1 transmission is that the former can reduce absolute SIB-1 detection time while the latter can provide inter-cell interference randomization and possibly some additional time diversity gains resulting to a smaller number of required repetitions. SFN extension in the MIB can be considered if, at least for the largest CE level, more than one SFN cycle is required to transmit the SIB-1.  
Proposal 3: The NB and the subframe for the first repetition of a MTC SIB-1 transmission are determined by the PCID, the SFN, and the DL system bandwidth. The NB and the subframe for a subsequent repetition of the MTC SIB-1 transmission are determined from the PCID and the DL system bandwidth according to a hopping pattern for a total number of repetitions.  

For the transmission parameters of a subsequent SIB-x, x>1, SIB-1 can indicate the TBS and the number of subframes. For the starting subframe, the subframes per frame or the frames for the SIB-x transmission, and the NBs for the SIB-x transmission, either the same principles as for the SIB-1 transmission can apply to avoid increasing the SIB-1 payload or explicit indication by SIB-1 can apply to provide more flexibility to the network. 

3 Conclusions

This contribution considered aspects for SIB-1 transmissions and proposes the following. 
Proposal 1: The maximum number of repetitions for a SIB-1 transmission can either be specified or the MIB (~1 bit) or be derived by the SIB-1 TBS. Additional information for the number of repetitions for a SIB-1 transmission can be included in a SIB.

Proposal 2: Subframes #0, #4, #5, and #9 are used to transmit SIB-1 in FDD. Subframes #0, #1, #5, and #6 are used to transmit SIB-1 in TDD where, for subframes #1 and #6, a DwPTS length of 9 symbols is assumed. 

Proposal 3: The NB and the subframe for the first repetition of a MTC SIB-1 transmission are determined by the PCID, the SFN, and the DL system bandwidth. The NB and the subframe for a subsequent repetition of the MTC SIB-1 transmission are determined from the PCID and the DL system bandwidth according to a hopping pattern for a total number of repetitions.  
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