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The following agreements were achieved about MTC SIB transmission in the RAN1 #81 meeting [1]:
Agreements:
· 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.
Further, in RAN1 #82bis meeting, the following agreement was concluded for SIB1 transmission [2]:
Agreement:
· Conclusion: acquisition of SI messages across SI windows is feasible in idle mode
· The maximum number of SI messages that can be acquired across SI windows is 4
· SIB1bis is transmitted periodically with a period of TSIB1bis radio frames
· Within a period, SIB1bis can be repeated a number of times
· RV cycling {0,2,3,1,…} is used for each SIB1bis transmission within a period
· SIB1bis transmission period TSIB1bis is predefined
· TSIB1bis = 8 radio frames
· Working assumption: Repetition number RSIB1bis within a period is derived from MIB
· Confirm the Working Assumption with revised description of the same:
· For subframes containing PDSCH carrying SIB1bis, the starting OFDM symbol of SIB1bis reception is a fixed value predefined in the specification
· The fixed value is equal to the maximum CFI value for the given system configuration (TDD/FDD, system bandwidth)
· FFS: Handling of duration  of DwPTS for TDD
· MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth
· narrowbands = 2 for system BW of 12-50 RBs
· narrowbands = 4 for system BW of 51-110 RBs
· Confirm the working assumption that the mentioned narrowbands are determined based on cell ID and system bandwidth 
· FFS on how to handle the case if MTC-SIB1 overlaps with PBCH
· Confirm the working assumption that the hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN)
In this contribution, subframes for SIB transmission, determining TBS and modification period of SIB1 transmission, and handling of the case if MTC SIB1 overlaps with PBCH are discussed, and corresponding proposals are given. 
Subframes for SIB transmission
RAN1 provided an example to RAN2 about the repetition number of SIB transmission [3]. In the LS, it stated:
For example, in case of “continuous” repetition, with the SIB transmitted more frequently than every 20 ms, the required number of repetitions for receiving a TB of 328 bits with 1% BLER was in one set of simulations observed to be reduced from 280-380 repetitions without frequency hopping to 128-220 repetitions with frequency hopping. Note that this is based on certain channel model and simulation assumptions (with no ) and repetition number could be larger for other channels and assumptions. Note that this is based on certain channel model and simulation assumption (with no timing offset consideration and ideal RF).
That is, with 328 bits MTC SIB TBS and 1% BLER, 280-380 repetitions without frequency hopping and 128-220 repetitions with frequency hopping are needed. Considering the realistic timing offset and RF, more repetition number would be expected.
Table 1 below summarized the possible repetition number for MTC SIB transmission on the assumption of the repetition number is proportionally increased with the size of TB. Considering the impact of realistic timing offset and RF, the repetition number would be further increased. 
Under the assumption of two subframes used for MTC SIB transmission within each radio frame, Table 1 also gives the MTC SIB acquisition time of UEs in the worst case. As seen from Table 1, for MTC SIB TBS of 1000 bits, about 6 second acquisition time is needed without frequency hopping. Even if frequency hopping is adopted, exceeding 3 seconds acquisition time is still needed. If an MTC UE needs to decode multiple SIBs, the acquisition time of multiple SIBs will be further prolonged, which is not very beneficial for UE’s power consumption.
Table 1: Repetition number and acquisition time of MTC SIB transmission
	
	Without frequency hopping
	With frequency hopping

	
	Repetition number
	Acquisition time (ms)
	Repetition number
	Acquisition time (ms)

	TBS=328
	280 ~ 380
	1400 ~ 1900
	128 ~ 220
	640 ~ 1100 

	TBS=696
	560 ~ 760
	2800 ~ 3800
	256 ~ 440
	1280 ~ 2200

	TBS=1000
	740 ~ 1140
	3700 ~ 5700
	384 ~ 660
	1920 ~ 3300



As well known, the standby time for UEs in worst case will be significantly reduced due to substantial repetition on message transmission or reception. Therefore, reducing the power consumption for UEs especially in worst case is extremely important. Thus, we propose it should be possible to allow eNB configure more subframes to reduce UE’s MTC SIB acquisition time. For MTC SIB1 transmission, subframes {0,4,5,9} for FDD and {0,1, 5, 6} for TDD should be supported to reduce UE’s acquisition time of SIB1. For other SIB transmission, the available subframes should be configured by MTC SIB1.
Proposal 1: For MTC SIB1 transmission, subframes {0,4,5,9} for FDD and {0,1, 5, 6} for TDD should be supported.
For TDD, subframe 1 is always the special subframe, and subframe 6 may be special subframe or DL subframe. As UE does not know the TDD UL-DL configuration before MTC SIB1 reception, it does not know the special subframe configuration or type of subframe 6. 
To utilize subframe 1 and 6 for MTC SIB1 transmission and reduce the restriction of network configuration, MIB can indicate the usage of special subframe 1 and 6. For example, MIB can indicate the subframe 6 is DL subframe or special subframe. If special subframe is indicated for SIB1 transmission, the length of DwPTS can be predefined or indicated by MIB.
Proposal 2: MIB can indicate whether special subframes used for MTC SIB1 transmission and the type of subframe 6.
TBS of SIB1 transmission
As agreed in [1], TBS of MTC SIB1 is known to the UE based on information in the MIB. Whether the TBS of MTC SIB1 is explicitly indicated by MIB or implicitly determined by UEs needs further discussion.
In current specification, SIB transmission for legacy UEs only uses QPSK. As there is coverage loss arising from cost saving techniques and coverage enhancement for MTC UEs, MTC SIBs should only utilize QPSK modulation. As the number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs, the number of coded bits available for MTC SIB1 transmission within one subframe is known based on QPSK and 6PRBs. Due to MTC SIB1 should be repeatedly transmitted across multiple subframes, the total coded bits number available for MTC SIB1 transmission actually depends on the number of repetitions for MTC SIBs transmission. Thus, the number of MTC SIB1 repetitions can reflect the size of TB. The number of MTC SIB1 repetition depends on the subframes for MTC SIB1 transmission within TSIB1bis, and the length of modification period of MTC SIB1 transmission.
Proposal 3: The TBS for MTC SIB1 can be implicitly derived from the information in MIB, e.g. the subframe configuration and modification period of MTC SIB1 transmission.
Modification period of MTC SIB1 transmission
As analyzed in section 2, hundreds of repetition should be needed for MTC SIB1 transmission. We had agreed that MTC SIB1 transmission period TSIB1bis is equal to 8 radio frames. Apparently, to make enough energy accumulation, an MTC UE should assume MTC SIB1 content unchanged within multiple TSIB1bis. The time duration of the MTC SIB1 content unchanged can be named as the MTC SIB1 modification period. The value of MTC SIB1 modification period can be integer multiple of TSIB1bis, and can be indicated by MIB.
Proposal 4: The value of MTC SIB1 modification period can be integer multiple of TSIB1bis, and can be indicated by MIB.
Handling of the overlap between MTC SIB1 and PBCH
According to the definition of DL narrowbands, all narrowbands are 6 PRBs and the remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB for the system BW (e.g. 3, 5, and 15 MHz) located at the center of the system BW. The center two narrowbands or the only narrowband (1.4MHz system bandwidth) will overlap with PBCH in subframes containing PBCH. MTC SIB1 transmission occupies all available PRBs in a narrowband. When MTC SIB1 and PBCH are transmitted in the same subframe, the overlap between MTC SIB1 and PBCH needs to be handled especially for small system bandwidth.
For 1.4MHz system bandwidth, it was agreed PBCH repetition is not supported [1] and PBCH is transmitted in only subframe #0. When MTC SIB1 is transmitted in subframe #0, the overlap would happen. The legacy behavior performs rate matching to avoid transmission at PBCH REs. In order for Rel-13 low complexity UEs/ coverage enhanced UEs to perform symbol level combining of MTC SIB1, puncturing at PBCH REs for MTC SIB1 is preferred instead. 
For system bandwidth larger than 1.4MHz, PBCH repetition is transmitted in subframe #0 and subframe #9 (5) for FDD (TDD) [1]. As “user data and PBCH repetition are assumed not to be sent in the same PRBs [4]”, MTC SIB1 and PBCH repetition need not to be sent in the same PRB when the overlap happens. PRB-level puncturing has a benefit of supporting symbol level combining which is applied for MTC SIB1.
It is up to the network whether to configure PBCH repetitions in a cell or not system bandwidth larger than 1.4MHz. If the on/off of PBCH repetition cannot be known by the UE before MTC SIB1 detection, PRB-level puncturing should be operated by the UE to guarantee that PBCH REs are not regarded as MTC SIB1 REs.
Proposal 5: When MTC SIB1 overlaps with PBCH repetition (in system bandwidth >1.4MHz), PRB-level puncturing is applied for MTC SIB1 at PBCH PRBs.

Conclusions
In this contribution, subframes for SIB transmission, determining TBS and modification period of SIB1 transmission, and handling of the overlap between MTC SIB1 and PBCH are discussed, and corresponding proposals are given. 
Proposal 1: For MTC SIB1 transmission, subframes {0,4,5,9} for FDD and {0,1, 5, 6} for TDD should be supported.
Proposal 2: MIB can indicate whether special subframes used for MTC SIB1 transmission and the type of subframe 6.
Proposal 3: The TBS for MTC SIB1 can be implicitly derived from the information in MIB, e.g. the subframe configuration and modification period of MTC SIB1 transmission.
Proposal 4: The value of MTC SIB1 modification period can be integer multiple of TSIB1bis, and can be indicated by MIB.
Proposal 5: When MTC SIB1 overlaps with PBCH repetition (in system bandwidth >1.4MHz), PRB-level puncturing is applied for MTC SIB1 at PBCH PRBs.
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