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1 Introduction

SIB1 transmission for Rel-13 low cost UEs was discussed in RAN1#82 and the following were agreed. 
Agreement:

· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.

· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.

· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.

· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 

· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).

Agreement:

· For SI transmission:
· At least the following are predefined or derived from MIB:
· (a) periodicity of MTC-SIB1 transmission
· (b) repetition number within the periodicity of MTC-SIB1 transmission
Additionally, the following were agreed in RAN1#81.

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 SIB1 transmission to Rel-13 low cost UEs.

2 MTC-SIB1 Transmission
MTC-SIB1 transmission is partially scheduled by the MTC-MIB and remaining scheduling information, such as the narrow-bands (NBs), is either implicitly derived or may be predefined. Information that is signaled in the MTC-MIB includes:

a) MTC-SIB1 TBS

b) FFS: Number of MTC-SIB1 NBs

c) FFS: Periodicity of MTC-SIB1 transmission 
d) FFS: Number of repetitions within the periodicity

e) FFS: Subframes (SFs) of MTC-SIB1 transmission 
f) FFS: Whether SFs {1, 6} can be used for MTC-SIB1 transmission in TDD

Number of Available Narrow-Bands for SIB1 Transmission
In general, the larger the number of NBs used for FH, the better the BLER particularly due to the absence of receiver antenna diversity and the low target BLER. In practice, it will typically be difficult for a network to use more than 2 NBs for a MTC-SIB1 transmission at least due to preconfigured SPS PDSCH and EPDCCH RPBs that also need to be distributed for frequency diversity and due to preconfigured/predetermined NBs for M-PDCCH. Also, the middle 2 NBs need to be avoided as, in some (FDD) or all (TDD) of the SFs where MTC-SIB1 can be transmitted, they overlap with MTC-MIB, or with legacy MIB, or with SCH transmissions. However, for large system BWs (20 MHz) and low traffic periods from legacy UEs, it can be possible to use 4 NBs for a MTC-SIB1 transmission to reduce the required number of repetitions and improve inter-cell interference randomization. 

Observation 1: It can often be difficult for a network to transmit MTC-SIB1 over more than 2 NBs. Whether the MTC-MIB can indicate the number (2 or 4) of NBs for MTC-SIB1 transmission can be considered. 

Regardless of whether the number of NBs for a MTC-SIB1 transmission is indicated by the MTC-MIB or is always fixed to 2, these NBs cannot pseudo-randomly hop over all NBs of a DL system bandwidth as the MTC-SIB1 transmission needs to co-exist with non-dynamically adjusted transmissions (SPS PDSCH, E-PDCCH, M-PDCCH, MTC-MIB, legacy MIB, SCH). Therefore, although the NB used for a MTC-SIB1 repetition in a given SF can depend on the SF/SFN and the PCID, the set of possible NBs needs to be a subset of all NBs and predetermined. Whether this can be by specification, or by implicit means (e.g. again based on the PCID for a given number of NBs), or by explicit means (e.g. some form of MTC-MIB indication) is FFS. As a need for flexible selection of the NBs is not identified and as the MTC-MIB signaling load can be significant, the NBs can be predefined and a set of 2 NBs or 4 NBs can be selected based on the PCID and the SFN. 
Proposal 1: The set of NBs available for MTC-SIB1 transmission is a sub-set of the set of NBs in a DL system bandwidth. The NB for MTC-SIB1 transmission in a subframe is determined from a pseudo-random pattern based on the SFN and the PCID.
Periodicity and Number of Repetitions for MTC-SIB1 Transmission
Signaling the periodicity for MTC-SIB1 transmission in the MTC-MIB allows a network to trade-off MTC-SIB1 overhead (within a time period) and MTC-SIB1 detection latency. Even though a single nominal value could be specified, it is desirable to allow a network to control this trade-off considering a variety of deployment scenarios including ones that may be determined in the future; 3 values corresponding to 1, 2, or 4 frames should suffice. 

Signaling the number of repetitions for a MTC-SIB1 transmission in the MTC-MIB can enable a UE that has not detected MTC-SIB1 to determine whether it failed to detect MTC-SIB1 or whether it needs to keep receiving MTC-SIB1 repetitions. This is for UEs that have established an RRC connection and were informed the nominal number of repetitions for a MTC-SIB1 transmission with an indicated TBS (this is equivalent to informing the coverage enhancement level in the cell and it may be implicitly derived from the PRACH/RAR configurations). If the TBS is explicitly signaled in the MTC-MIB, the UE can estimate the number of MTC-SIB1 repetitions within a range but not exactly as the transmission power is an unknown parameter. For the same reason, the MTC-SIB1 TBS cannot be uniquely determined from the number of MTC-SIB1 repetitions and needs to be explicitly signaled. As the number of MTC-SIB1 repetitions can be large and repetitions are intermittent, a UE may keep attempting to detect MTC-SIB1 for many frames [1] (potentially hundreds of frames for a large TBS and coverage enhancement level) and power consumption is not be limited only to SFs of MTC-SIB1 repetitions as a UE may operate time/frequency tracking loops or may filter CRS for additional SFs. Therefore, it is beneficial for UE power consumption purposes to explicitly indicate the number of MTC-SIB1 repetitions in the MTC-MIB. The indication can also be relative to a nominal value derived from the signaled TBS assuming nominal transmission power (no power boosting or de-boosting). 
Proposal 2: The MTC-MIB explicitly indicates the TBS, the repetition periodicity in frames, and the number of repetitions for a MTC-SIB1 transmission. 
Subframes for MTC-SIB1 Transmission
Available SFs for MTC-SIB1 transmission include {0, 4, 5, 9} for FDD and {0 5} and FFS {1, 6} for TDD. MTC-SIB1 should not be transmitted in all available SFs in a frame with MTC-SIB1 transmission as a shorter periodicity for MTC-SIB1 repetitions could achieve a similar effect with better time diversity and less frame-concentrated impact to other transmissions. 
For FDD, given that PSS/SSS, legacy MIB, and MTC-MIB are transmitted in SF#0, power boosting for MTC-SIB1 repetitions in SF#0 may be difficult (particularly for the smaller DL system bandwidths). The same applies for SF#5 where transmission of legacy SIB1 and of PSS/SSS occurs although MTC-SIB1 can be transmitted in odd frames (for periodicities larger than 1 frame) to avoid coinciding with the legacy SIB1 transmission. SF#9 includes MTC-MIB repetitions while SF#4 is the one without transmission of UE-common signaling (except for paging, when transmitted). 
For TDD, the selection of SFs for MTC-SIB1 repetitions is more problematic as SF#0 includes transmission of legacy MIB, MTC-MIB and PSS while SF#5 includes transmission of MTC-MIB, PSS and, in even frames, of legacy SIB1. Also, transmission of MTC-SIB1 repetitions only in SF#5 of odd frames can be problematic as, due to practical limitations in the NBs where MTC-SIB1 transmissions can hop, the probability of inter-cell interference for a MTC-SIB1 repetition is large. Considering that it is highly likely that a cell size for Rel-13 low cost UE applications will not exceed ~50 km and second-tier cell interference due to propagation delays can typically be absorbed by moderate GP values (a network can also use the UpPTS to provide additional GP when needed), it is highly beneficial to use SF#1 and SF#6 for MTC-SIB1 repetitions by assuming a minimum DwPTS size of 9 symbols. An indication whether SF#1 and SF#6 can be used for MTC-SIB1 repetitions can be provided by the MTC-MIB. This can also allow for a similar design between FDD and TDD for MTC-SIB1 transmissions. 
Observation 2: MTC-SIB1 repetitions should be prioritized in odd frames. SF#0 is the most challenging SF to use for MTC-SIB1 repetitions. 
To achieve maximum inter-cell interference randomization for MTC-SIB1 repetitions (that may likely be power-boosted), all available SFs can be utilized where one SF is selected in a given frame based on a pseudo-random pattern than can depend on the SFN and the PCID (similar to the NB hopping pattern). Alternatively, the available SFs for MTC-SIB1 repetitions can be further restricted by specification (e.g. to exclude SF#0). 
Proposal 3: Availability of subframes #1 and #6 in TDD for SIB1 transmission is indicated in MTC-MIB.

Proposal 4: MTC-SIB1 transmission can be in any of the available subframes that is determined from a pseudo-random pattern based on the SFN and the PCID. 
MIB Signaling Requirements
Based on the previous analysis, MTC-MIB signaling requirements for MTC-SIB1 scheduling need to include the TBS, whether 2 or 4 NBs are used, periodicity and number of repetitions and, in TDD, whether SF#1 and SF#6 are available. Dependencies can be exploited to reduce the number of combinations and consequently the number of required spare bits in MTC-MIB.
a) For small MTC-SIB1 TBS, the shortest periodicity may not be supported (maximum acquisition time can still be smaller than for medium/large TBS with the shortest periodicity).

b) For small MTC-SIB1 TBS, indicating a smaller number of repetitions than the nominal one is not as important as for medium/large TBS as, even when this occurs, the additional UE power consumption is small.
c) For small MTC-SIB1 TBS, and particularly for small coverage enhancements, using 4 NBs is not needed as the number of repetitions is small and possible additional frequency diversity gains can be offset by longer filtering windows for channel estimation (in addition to time diversity).
d) For medium MTC-SIB1 TBS, full flexibility is provided for use of 2 NBs – 4 NBs are also supported with reduced flexibility.
e) For large MTC-SIB1 TBS, the shorter periodicities are considered in order to avoid a very long acquisition time; otherwise, flexibility is same as for medium TBS.

f) 5 entries remain reserved for possible future utilization. 

g) For TDD, use of SF#1 and SF#6 can be default with some entries added/replaced to indicate unavailability of SF#1 and SF#6.

Table 1 provides a mapping for 5 spare bits in MTC-MIB. At a minimum, 4 spare bits in MTC-MIB are needed to indicate the MTC-SIB1 TBS and the periodicity. The UE can determine whether or not the network supports CE from the TBS and the number of repetitions for the MTC-SIB1 transmission. Using 1 additional bit to also indicate the number of NBs and the number of repetitions is a beneficial trade-off and associated restrictions are not expected to have any meaningful impact on the system operation. 

Table 1: MTC-MIB Signaling Information
	Value of 5 Bits 
	TBS
	NBs
	Periodicity
	Repetitions

	00000 
	Small
	2
	40 ms
	100%

	00001
	Small
	2
	40 ms
	200%

	00010
	Small
	2
	80 ms
	100%

	00011
	Small
	2
	80 ms
	200%

	00100 
	Medium
	2
	20 ms
	50%

	00101
	Medium
	2
	20 ms
	100%

	00110
	Medium
	2
	20 ms
	200%

	00111
	Medium
	2
	40 ms
	50%

	01000
	Medium
	2
	40 ms
	100%

	01001
	Medium
	2
	40 ms
	200%

	01010
	Medium
	2
	80 ms
	50%

	01011
	Medium
	2
	80 ms
	100%

	01100
	Medium
	2
	80 ms
	200%

	01101
	Medium
	4
	20 ms
	50%

	01110
	Medium
	4
	20 ms
	100%

	01111
	Medium
	4
	40 ms
	50%

	10000 
	Medium
	4
	40 ms
	100%

	10001
	Large
	2
	20 ms
	50%

	10010
	Large
	2
	20 ms
	100%

	10011
	Large
	2
	20 ms
	200%

	10100 
	Large
	2
	40 ms
	50%

	10101
	Large
	2
	40 ms
	100%

	10110
	Large
	2
	40 ms
	200%

	10111
	Large
	4
	20 ms
	50%

	11000
	Large
	4
	20 ms
	100%

	11001
	Large
	4
	40 ms
	50%

	11010
	Large
	4
	40 ms
	100%

	11011
	Reserved

	11100
	Reserved

	11101
	Reserved

	11110
	Reserved

	11111
	Reserved


3 Conclusions

This contribution considered aspects for SIB1 transmissions and proposes the following. 
Proposal 1: The set of NBs available for MTC-SIB1 transmission is a sub-set of the set of NBs in a DL system bandwidth. The NB for MTC-SIB1 transmission in a subframe is determined from a pseudo-random pattern based on the SFN and the PCID.
Proposal 2: The MTC-MIB explicitly indicates the TBS, the repetition periodicity in frames, and the number of repetitions for a MTC-SIB1 transmission. 
Proposal 3: Availability of subframes #1 and #6 in TDD for MTC-SIB1 transmission is indicated in MTC-MIB.

Proposal 4: MTC-SIB1 transmission can be in any of the available subframes that is determined from a pseudo-random pattern based on the SFN and the PCID. 
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