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1 Introduction
In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) approved in RAN #70 meeting, downlink numerology was down-selected to:

· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 

In RAN1#83 meeting, the following agreements and working assumption on downlink design were made [2]:

Agreement:

· Master information broadcast and system information broadcast are supported for NB-IoT
· Master information broadcast is carried by a first physical channel 
· The first physical channel has no accompanying control channel

· System information broadcast is carried by a second physical channel 

· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast 

In this contribution, we discuss NB-SIB1 design for NB-IoT.
2 NB-SIB1 design
2.1 Transmission mechanism
In Rel-13 eMTC, in order to save M-PDCCH overhead and reduce the acquisition time for system information, SIB1bis is periodically transmitted by control-less transmission. Similar transmission scheme can be reused for NB-IoT. Each SIB1bis transmission with different TBS always occupies all PRB resources of a narrowband. But a NB-IoT system only contains one PRB in frequency domain. Considering the potential NB-SIB1 TBS, if Rel-13 eMTC scheme is reused for NB-IoT, i.e., one NB-SIB1 transmission only occupies one PRB, the transmission performance would be seriously restricted. Therefore, the only solution seems to be allowing multi-subframe transmission of NB-SIB1.
“The periodicity of SIB1 can be fixed while periodicity of other SIBs can be indicated in SIB1” [3] was agreed in RAN2 #92 meeting. In order to support one NB-SIB1 transmission across multiple subframes, we can define KNB-SIB1 NB-SIB1 transmission windows within a NB-SIB1 scheduling period. A NB-SIB1 transmission window corresponds to a single NB-SIB1 and includes multiple available subframes. Part of the available subframes within a NB-SIB1 message window is used for NB-SIB1 transmission.
In order to avoid blocking of other DL transmission (NB-PDSCH/NB-PDCCH), especially for in-band operation when the available subframes for NB-IoT transmission may be less due to the existence of LTE MBSFN subframes, the scheduling period and transmission window length of NB-SIB1 can be set relatively longer. Besides, considering that a NB-IoT UE cannot acquire the subframe configuration information before decoding NB-SIB1 message, only the subframes #0/#4/#5/#9 (not used for NB-PSS/SSS and NB-PBCH transmission) can be used for NB-SIB1 transmission for FDD. For example, as shown in Figure 1, a NB-SIB1 scheduling period spans over two NB-PBCH scheduling periods (i.e., 2*640ms) and a NB-SIB1 transmission window includes one NB-PBCH sub-block duration (i.e., 80ms); in this case, a NB-SIB1 scheduling period consists of 16 NB-SIB1 transmission windows, and the number of available subframes for NB-SIB1 transmission is 12 within a transmission window.
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Figure 1 Examples of transmission windows within a NB-SIB1 scheduling period
The number of NB-SIB1 transmission windows (RNB-SIB1) occupied within a NB-SIB1 scheduling period depends on coverage, e.g., normal coverage (MCL = 144 dB), extended coverage (MCL = 154 dB) or extreme coverage (MCL = 164 dB). The number of subframes (NNB-SIB1) occupied within a NB-SIB1 transmission window depends on the TBS of NB-SIB1 message. If the control overhead and implementation complexity are the major concerns, the number of transmission windows (KNB-SIB1) in a NB-SIB1 scheduling period and the number of subframes (NNB-SIB1) occupied in a transmission window can be set to fixed values. For example, KNB-SIB1 is equal to 16, i.e., maximum 16 repetitions can be supported, and NNB-SIB1 is equal to 6, which is equivalent to 6-PRB narrowband defined in Rel-13 eMTC. If we want to support NB-SIB1 transmissions with multiple TBSs and/or coverage levels, the number of NB-SIB1 transmission windows (RNB-SIB1) occupied in a NB-SIB1 scheduling period and the TBS of NB-SIB1 message can be indicated by NB-PBCH.
Let KNB-SIB1 be fixed to 16. If the potential value of RNB-SIB1 is further assumed to 4, 8, or 16 while the number of potential TBS values is assumed to 6, an indication example of RNB-SIB1 and TBS indicated by NB-PBCH is shown in Table 1.
Table 1 Indication of RNB-SIB1 and NB-SIB1 TBS
	Index
	TBS
	The number of occupied transmission windows, i.e., repetition times, RNB-SIB1

	0
	TBS 1
	4

	1
	TBS 1
	8

	2
	TBS 1
	16

	3
	TBS 2
	4

	4
	TBS 2
	8

	5
	TBS 2
	16

	6
	TBS 3
	4

	7
	TBS 3
	8

	8
	TBS 3
	16

	9
	TBS 4
	4

	10
	TBS 4
	8

	11
	TBS 4
	16

	12
	TBS 5
	4

	13
	TBS 5
	8

	14
	TBS 5
	16

	15
	TBS 6
	4

	16
	TBS 6
	8

	17
	TBS 6
	16

	18-31
	N/A
	N/A


In order to achieve enough time diversity and reduce implementation complexity, RNB-SIB1 number of NB-SIB1 transmission windows in a NB-SIB1 scheduling period can be evenly distributed, and NNB-SIB1 available subframes occupied in a NB-SIB1 transmission window can be localized or evenly distributed. When NNB-SIB1 available subframes are evenly distributed within a NB-SIB1 transmission window, the interval between adjacent two available subframes may be equal to floor(NTotal/NNB-SIB1). The variable NTotal is the total number of available subframes within a NB-SIB1 transmission window, e.g., as shown in Figure 1, NTotal is equal to 12.
In order to reduce the interference among cells, the specific location of RNB-SIB1 NB-SIB1 transmission windows and the specific location of NNB-SIB1 subframes can be determined by PCID. For example, if the candidate locations for  RNB-SIB1 transmission windows within a NB-SIB1 scheduling period are X and the candidate locations for NNB-SIB1 available subframes within a NB-SIB1 transmission window are Y, the actual NB-SIB1 transmission windows can be determined by mod(PCID, X) and the actual available subframes used for NB-SIB1 transmission can be determined by mod(floor(PCID/X), Y). 
As shown in Figure 2, it is assumed that a scheduling window consists of 16 transmission windows and 8 of 16 transmission windows are used for NB-SIB1 transmission. In this case, Cells with even PCID will use NB-SIB1 transmission windows with even index while Cells with odd PCID will use NB-SIB1 transmission windows with odd index. 
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Figure 2 Examples of different cells using different transmission windows
Proposal 1: For NB-SIB1 transmission,
· Define  KNB-SIB1 transmission windows in a NB-SIB1 scheduling period.
· a NB-SIB1 scheduling period is 2*640ms;
· a transmission window is 80ms;
· K NB-SIB1 is equal to 16.
· Select RNB-SIB1 transmission windows, and select NNB-SIB1 available subframes in each transmission window.
· determine the locations of RNB-SIB1 transmission windows and NNB-SIB1 available subframes in each transmission window based on PCID.
Proposal 2: The number of NB-SIB1 transmission windows (RNB-SIB1) occupied and the TBS of NB-SIB1 message are indicated via NB-PBCH.
2.2 Other issues
If more than one RV is defined for TBCC channel coding for downlink NB-IoT, RV cycling within RNB-SIB1 NB-SIB1 transmission windows can be supported for NB-SIB1 transmission. For example, if two RVs are defined, the NB-SIB1 transmission window with even index can transmit coded data using the first RV while the NB-SIB1 transmission window with odd index can transmit coded data using the second RV. 
It is considered that NB-SIB1 message carrying all the configuration parameters related to initial access. In this case, during initial access, a NB-IoT UE needs not decode other system messages other than NB-SIB1 message. It is beneficial to simplify the access procedure and to reduce the access latency.
Further, considering that a NB-IoT UE can acquire current operation mode by decoding NB-PBCH before decoding NB-SIB1, different NB-SIB1 mapping can be applied for different operation modes. Specifically, the first three OFDM symbols are not used for NB-SIB1 transmission for in-band operation while all OFDM symbols in a subframe will be used for NB-SIB1 transmission for guard-band or stand-alone operation modes.

Proposal 3: Different NB-SIB1 mapping is applied for in-band and guard band/standalone operations.
3 Conclusions
In this contribution, we have discussed the NB-SIB1 design for NB-IoT. We make the following proposals:
Proposal 1: For NB-SIB1 transmission,
· Define  KNB-SIB1 transmission windows in a NB-SIB1 scheduling period.
· a NB-SIB1 scheduling period is 2*640ms;
· a transmission window is 80ms;
· K NB-SIB1 is equal to 16.
· Select RNB-SIB1 transmission windows, and select NNB-SIB1 available subframes in each transmission window.
· determine the locations of RNB-SIB1 transmission windows and NNB-SIB1 available subframes in each transmission window based on PCID.
Proposal 2: The number of NB-SIB1 transmission windows (RNB-SIB1) occupied and the TBS of NB-SIB1 message are indicated via NB-PBCH.
Proposal 3: Different NB-SIB1 mapping is applied for in-band and guard band/standalone operations.
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