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1 Introduction

SIB-1 scheduling for Rel-13 low cost UEs was discussed in RAN1#80bis and the following agreements were reached

Agreements:
· Scheduling information for “MTC SIB1” (time, frequency and MCS/TBS) is derived from PCID and/or MIB and/or fixed/predefined in spec

· FFS: Impacts of MBSFN subframes, TDD configuration and PBCH repetition on possible time resources for “MTC SIB1”

· Scheduling information for subsequent “MTC SIs” (time, frequency and MCS/TBS) is derived from “MTC SIB1” and/or fixed/predefined in spec

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

2 SIB-1 Scheduling
Although several combinations exist for indicating subframes, RBs, and MCS/TBS for a SIB-1 transmission, for each of these 3 components there are 3 basic options:

a) Explicit indication by MIB

b) Implicit indication by PCID, UL system BW, SFN or predefined values 

c) Combination of explicit and implicit indications

For the MCS/TBS, indication by MIB is necessary. 2 bits for four possible values seem sufficient as a working assumption pending RAN2 confirmation. SIB-1 should not have a single MCS/TBS as different contents of a SIB, 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 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. Moreover, RAN1 agreed that “a UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe”. The reason is UE receiver complexity. Blind decoding by the UE of multiple hypotheses for a MCS/TBS is equivalent to decoding multiple transport blocks.
Proposal 1: MIB indicates the SIB-1 MCS/TBS. 2 bits can be assumed pending RAN2 confirmation.

For the number of subframes used for SIB-1 transmission, either indication by MIB or a predetermined number can be defined in the specifications. A predetermined number will have to account for the maximum supportable coverage enhancement (CE) in Rel-13 regardless of the CE supported by the network. The predetermined number can also be derived from the SIB-1 MCS/TBS indicated in the MIB. This will have no impact on the network operation or on the system spectral efficiency but may affect UE power consumption as a UE may keep unnecessarily receiving in order to detect SIB-1. However, as this need only affect initial system access, as SIB-1 can be transmitted with 1% BLER for UEs requiring the maximum CE that is supported by the network, and as UEs requiring large CE are not expected to support mobility, the impact on UE power consumption or system access latency is expected to be negligible. For subsequent system access, the number of repetitions can be indicated in SIB-1 (e.g. 2 bits).  

Proposal 2: The maximum number of SIB-1 transmission subframes can be included in the specifications. FFS whether to use 1 bit in the MIB to indicate one out of two possible numbers of SIB-1 transmission subframes.

For the subframes with SIB-1 transmission, it is preferable to use all available subframes per frame. Those subframes 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 to accommodate operation in cell sizes near 100 Km. This is clearly not a likely operating scenario for Rel-13 low cost UEs and need not restrict the system design. In the unlikely case that support for Rel-13 low cost UEs need to be provided for extremely large cell sizes, 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. 

Intermittent, across frames, SIB-1 transmission is not needed and is actually detrimental as it unnecessarily prolongs SIB-1 detection. This is because diversity gains exist from frequency diversity and also from time diversity as tens of repetitions can be required for SIB-1 and only 4 subframes per frame can be used (SIB-1 transmission is therefore already intermittent in time by default). Moreover, for the “worst” type channels, such as Ricean fading channels that are actually likely for UEs with no mobility, there is minimal/no time diversity as the main path is dominated by path-loss without Doppler fading.
Proposal 3: 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. 

Given the total number of subframes with SIB-1 transmission and the number of subframes per frame where SIB-1 can be transmitted, the last component is the determination of the starting subframe/frame (subframe #0 in a frame can be assumed as the starting subframe). This can be determined by the SFN and the total number of subframes for a SIB-1 transmission assuming that SIB-1 is transmitted in 4 subframes per frame. The PCID may also be included to provide an offset. SFN extension in the MIB can be considered as, at least for the largest CE level, it can take more than one SFN cycle to transmit SIB-1. 
Proposal 4: The starting frame for SIB-1 transmission can be determined from the number of frames required to transmit SIB-1 repetitions and the SFN. SFN extension in the MIB can be considered. 

Finally, at least for DL system BWs other than 1.4 MHz, PBCH repetitions need not affect SIB-1 transmission subframes. For DL system BW of 1.4 MHz, the same solution can apply with the adjustment that in 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). 
For the RBs of SIB-1 transmission, a sub-band of 6 RBs for the first transmission subframe can be determined from the PCID and the DL system BW. The sub-bands in other subframes can be determined by the frequency hopping pattern associated with repetitions for a SIB-1 transmission. Collisions of SIB-1 transmissions from different cells are possible but a probability can be reduced by making the frequency hopping pattern also dependent on the PCID and the SFN (i.e. using a time/frequency dependence on the PCID instead of only a frequency one for the SIB-1 transmissions). 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 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.
Proposal 5: The sub-band of the first repetition of a SIB-1 transmission can be determined by the PCID and the DL system bandwidth. The sub-bands for subsequent repetitions of the SIB-1 transmission can be determined from the hopping pattern.  

For the transmission parameters of subsequent SIBs, if any, the same principles as for SIB-1 can be approximately followed. SIB-1 can indicate the MCS/TBS and the number of subframes, the transmission subframes can be the same as the ones for SIB-1, the starting frame can be indicated by SIB-1, and the sub-bands can be determined based on the PCID, the DL system BW, and the hopping pattern. Whether to further refine the time/frequency resources by additional signaling is SIB-1 can be FFS.
Proposal 6: For SIB-x, x>1, SIB-1 indicates MCS/TBS and number of subframes, transmission subframes can be same as for SIB-1, starting frame can be indicated by SIB-1, and sub-bands can be determined based on PCID, DL system BW, and hopping pattern. Explicit indication of time/frequency resources by SIB-1 is FFS.  

3 Conclusions

This contribution considered aspects for SIB-1 transmissions and SIB-x, x>1, transmission and proposes the following. 
Proposal 1: MIB indicates the SIB-1 MCS/TBS. 2 bits can be assumed pending RAN2 confirmation.

Proposal 2: The maximum number of SIB-1 transmission subframes can be included in the specifications. FFS whether to use 1 bit in the MIB to indicate one out of two possible numbers of SIB-1 transmission subframes.

Proposal 3: 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 4: The starting frame for SIB-1 transmission can be determined from the number of frames required to transmit SIB-1 repetitions and the SFN. SFN extension in the MIB can be considered. 

Proposal 5: The sub-band of the first repetition of a SIB-1 transmission can be determined by the PCID and the DL system bandwidth. The sub-bands for subsequent repetitions of the SIB-1 transmission can be determined from the hopping pattern.  

Proposal 6: For SIB-x, x>1, SIB-1 indicates MCS/TBS and number of subframes, transmission subframes can be same as for SIB-1, starting frame can be indicated by SIB-1, and sub-bands can be determined based on PCID, DL system BW, and hopping pattern. Explicit indication of time/frequency resources by SIB-1 is FFS.  
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