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1 Introduction

Transmission of system information was discussed in RAN1#82bis and the following were agreed. 
Agreement:

· 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 mentioned narrowbands are determined based on cell ID and system BW 

· 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)

· 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
This contribution considers remaining aspects for SIB1bis transmission to Rel-13 low cost UEs.

2 SIB1bis Transmission
SIB1bis transmission is partially scheduled by MIB and remaining scheduling information, such as narrowbands (NBs) or subframes (SFs), is either implicitly derived or specified. Information that is signaled in MIB includes:

a) SIB1bis TBS

b) Multiple of the SIB1bis transmission period (8 frames) over which the SIB1bis content does not change [1] 

c) Number of repetitions 
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d) Support for low cost UEs (1 bit)

e) Support for coverage enhancements (1 bit)

Other outstanding issues regarding the SIB1bis transmission are the NB hopping pattern (based on PCID and system BW) and the SF(s) used to transmit SIB1bis.
The reason for 
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 frames period does not offer sufficient combining even if all SFs per frame that are available for SIB1bis transmission are used and even for moderate TBS and for normal coverage. 
Narrowband hopping pattern for repetitions of a SIB1bis transmission
There are two NBs overlapping with PBCH/SCH. This overlapping always occurs in TDD for the SIB1bis transmission as available SFs are ones with PBCH repetitions (if SF#1 and SF#6 are not used). A same NB hopping pattern is preferable for FDD and TDD. The two NBs overlapping with PBCH/SCH should be excluded from the available NBs for SIB1bis repetitions, despite offering possible additional interference randomization, in order to avoid puncturing losses for the SIB1bis transmission. This is not possible for a system BW of 3 MHz and for a system BW of 5 MHz the interference randomization will be very limited (50% probability of collision). Therefore, for a DL system BW other than 3 MHz or 1.4 MHz, the NBs overlapping with the middle 6 RBs can be excluded from the NBs considered for SIB1bis hopping. In addition to the 2 NBs that overlap with the middle 6 RBs, reserving additional NBs from use for repetitions of SIB1bis transmission is also needed as there can be existing SPS/EPDCCH/M-PDCCH transmissions configured in those NBs. If those NBs are not determined by signaling in the MIB, they need to be predefined.
Proposal 1: The narrowband hopping pattern for SIB1bis is defined over all narrowbands of a DL system BW excluding the two narrowbands overlapping with the middle 6 RBs for DL system BWs other than 3 MHz.

For determining the NBs, the same principle as for the segments of the 4 PCFICH repetitions over the DL system BW can be used in case of hopping over 
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 SIB1bis repetitions per frame (
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 can be fractional in case of one SIB1bis repetition per 
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 NBs, the other NB is 
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Proposal 2: For 
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 narrowbands in a system BW, SIB1bis repetitions over 
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 SIB1bis repetitions per frame, the narrowband indexes for the repetitions of the SIB1bis transmission are 
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 narrowbands, the narrowband indexes for the repetitions of the SIB1bis transmission are 
[image: image34.wmf]NB

k

Y

and 
[image: image35.wmf](

)

DL

NB

DL

NB

NB

mod

2

N

N

Y

k

+

.
Subframes for repetitions of a SIB1bis transmission
Available SFs for SIB1bis transmission are {0, 4, 5, 9} for FDD and {0, 5} for TDD (if SFs {1, 6} are not used). For FDD, given that PBCH/SCH are transmitted in SF#0, power boosting for SIB1bis repetitions in SF#0 may be difficult (particularly for the smaller DL system BWs). The same applies for SF#5 where transmission of legacy SIB1 and of SCH occurs although SIB1bis can be transmitted in odd frames (for periodicities larger than 1 frame) to avoid coinciding with the legacy SIB1. SF#9 includes PBCH 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 SIB1bis repetitions is more problematic as SF#0 includes transmission of PBCH and PSS while SF#5 includes transmission of PBCH, PSS and, in even frames, of legacy SIB1. Also, transmission of SIB1bis repetitions only in SF#5 of odd frames can be problematic as, due to practical limitations in the NBs where SIB1bis transmissions can hop, the probability of inter-cell interference for a SIB1bis repetition is large. 
It is preferable that SIB1bis repetitions can be transmitted in all available SFs per frame. For a large number of SIB1bis repetitions associated with large TBS and/or moderate/large CE, using all available SFs per frames can significantly reduce the SIB1bis detection time that can be in the order of several seconds (e.g. by 4x relative to transmitting repetitions only in SF#5 of odd frames). The SFs used for repetitions of a SIB1bis transmission can depend on the number of 
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 only SF#5 in odd frames is used, while for 
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 SF#0 and SF#5 (or SF#4 and SF#9 in FDD) in every frame are used. 
Regardless of the NB hopping pattern for repetitions of SIB1bis transmission, the number of patterns can be much smaller than the number of PCIDs and interference among (likely power boosted) SIB1bis repetitions in neighboring cells is probable if the same SF is always used for the repetitions. For example, use of same NBs among neighboring cells is unavoidable for the smaller system BWs of 3 MHz or 5 MHz while for the largest system BW of 20 MHz there are only 16 (or 14 if the 2 middle NBs are not used) indexes for the starting NB while there are 504 PCIDs. Therefore, interference randomization should also be supported in the time domain.
The same design as for the selection of NBs can apply for the selection of SFs. The SFs have the same separation within each unit of the SIB1bis transmission period 
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 the number of SIB1bis repetitions per frame, and by 
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 is the index of the first SF with 
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Proposal 3: For SIB1bis transmission period of 
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 repetitions per frame, the subframe indexes for the repetitions of a SIB1bis transmission are 
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SIB1bis Scheduling
The following observations are made:
a) With the 1000 bits TBS limit, only the first 24 entries from Table 7.1.7.2.3-1 are applicable. Using 5 bits for the SIB1bis TBS is excessive particularly as the TBS values for many entries are similar. Picking every 3rd entry will reduce the required number of bits to 3 but the percentage of change is larger for the lower TBS values. 
Table 7.1.7.2.3-1: TBS Table for DCI Format 1C [1]
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	TBS
	40
	56
	72
	120
	136
	144
	176
	208
	224
	256
	280
	296
	328
	336
	392
	488
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	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	TBS
	552
	600
	632
	696
	776
	840
	904
	1000
	1064
	1128
	1224
	1288
	1384
	1480
	1608
	1736


b) The total number of 
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 repetitions required for a SIB1bis transmission depends on the TBS, the SINR, the channel, the frequency error (can be corrected from the PBCH repetitions), the accuracy of the channel estimate (can be improved after frequency error correction), and the target BLER where, for the EPA1 channel, ~16 repetitions are required for TBS of 152 bits at 1% BLER and 160 repetitions are required for TBS of 1000 bits at 10% BLER [2]. To allow for implementation margins, a much larger number than 160 repetitions, such as 512 repetitions, should be allowed. Then, starting from 4 repetitions for the smallest TBS, 3 bits can indicate one of {4, 8, 16, 32, 64, 128, 256, 512} repetitions.
c) The number of 
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 repetitions within a period of 
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 frames depends on the number of SFs that can be used. For example, if only SF#5 in odd frames is used, the maximum value of 
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 is 4 while if both SF#0 and SF#5 are used in every frame, the maximum value of 
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 is 16. To avoid having an exceedingly long detection time just for SIB1bis (e.g. ~10 seconds for 512 repetitions in case of 1 repetition every 2 frames - 
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), it should be possible for a network to configure use from the range of only 1 SF per odd frame (e.g. for low TBS and/or small CE) to all available SFs per frame (e.g. for large TBS and/or large CE).
Considering the above, it is not possible to separately indicate TBS, total number 
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 period. A Table with [32] entries corresponding to [5] MIB bits can capture the most relevant combinations of TBS, 
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. Moreover, 1-bit indication by the MIB of whether the network supports CE can be avoided based on the Table entries. Further discussion is required to finalize the Table.

Proposal 4: Define a Table with [32] entries combining the SIB1bis TBS, the number of SIB1bis repetitions 
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 period of 8 radio frames, and the number 
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3 Conclusions

This contribution considered aspects for SIB1bis transmissions and proposes the following. 
Proposal 1: The narrowband hopping pattern for SIB1bis is defined over all narrowbands of a DL system BW excluding the two narrowbands overlapping with the middle 6 RBs for DL system BWs other than 3 MHz.

Proposal 2: For 
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 SIB1bis repetitions per frame, the narrowband indexes for the repetitions of the SIB1bis transmission are 
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 narrowbands, the narrowband indexes for the repetitions of the SIB1bis transmission are 
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Proposal 3: For SIB1bis transmission period of 
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 repetitions per frame, the subframe indexes for the repetitions of a SIB1bis transmission are 
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Proposal 4: Define a Table with [32] entries combining the SIB1bis TBS, the number of SIB1bis repetitions 
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