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1 Introduction
In RAN1 NB-IoT Ad-Hoc meeting, the following agreements and working assumption on downlink design were made [1]:

Agreement:

· The time interval where MIB remains unchanged is 640 ms
· NB-PBCH consists of 8 independently decodable blocks of 80 ms duration
· From RAN1 point of views, NB-MIB can be 34-bit payload and has a 16-bit CRC

· NB-MIB includes at least

· SFN

· FFS: Detailed information
· FFS on LTE CRS information

· FFS on NB-RS information

· SIB1 scheduling information

· Operation mode

· FFS: Details at least including explicit or implicit signaling
· FFS on CFI
· FFS on system BW
· FFS on FDD/TDD indication
In this contribution, we discuss details on NB-MIB design for NB-IoT.
2 Details on NB-MIB design
For in-band operation, the timing of NB-IoT system should be aligned with LTE system. The timing period of LTE system is 10240 ms (i.e., 1024 radio frames). Total of 10 bits system frame number (SFN) are needed for NB-IoT. Based on the agreement “The time interval where MIB remains unchanged is 640 ms” and “NB-PBCH consists of 8 independently decodable blocks of 80 ms duration”, after cell search and NB-PBCH detection, NB-IoT UEs can acquire the timing within 640ms NB-PBCH TTI (i.e., 6 least significant bits of the SFN can be acquired by NB-PBCH detection) and additional 4 bits are required for acquiring the remaining SFN information. 4 most significant bits of the SFN are carried in NB-MIB.
Proposal 1: Four most significant bits of the SFN are carried in NB-MIB.
According to discussion in RAN2, “systemInfoValueTag” can be carried by NB-PBCH instead of SIB1, to facilitate more frequent update of System Information. SI Value Tag is used for indicating the change of system information. SI Value Tag will be incremented by 1 once the system information changes. NB-MIB includes 5~6 bits “SI Value Tag” field.
Proposal 2: NB-MIB includes 5~6 bits “SI Value Tag” field.
SIB1bis in Rel-13 eMTC is based on control-less transmission and control parameters are indicated in M-PBCH. Similar scheme can be reused for NB-SIB1 transmission. 5-bit NB-SIB1 scheduling information is carried in NB-SIB1.
Proposal 3: 5-bit NB-SIB1 scheduling information is carried in NB-MIB.
To reduce the complexity of DL synchronization and cell search and to ensure that NB-IoT UE can acquire the operation mode with minimum delay, it is preferred to carry the operation mode information by NB-MIB. To indicate three operation modes, 2 bits for operation mode are required.
Proposal 4: 2-bit operation mode information is carried in NB-MIB.
For in-band operation, NB-PDCCH/NB-PDSCH resource mapping can be rate matched by 2-ports or 4-ports LTE CRS after NB-PBCH decoding. 1 bit “Number of LTE CRS Ports” information is needed.
For in-band operation, both LTE CRS and NB-RS can be used for NB-SIB1 demodulation in order to improve the the link performance. Based on the assumption that NB-SIB1 is always transmitted in anchor PRB, with the purpose to acquire the sequence of LTE CRS for NB-SIB1 demodulation, anchor PRB index should be indicated by NB-PBCH. In our companion contribution [3], the sets of possible anchor PRB index are listed for different LTE system bandwidths. Considering that the knowledge of LTE system bandwidth is necessary before the indiciation of anchor PRB index, LTE system bandwidth and anchor PRB index in the above LTE system bandwidth can be indicated jointly. As the example shown in the Appendix, 6 bits may be needed for “LTE system bandwidth and anchor PRB index” indication.
Proposal 5: 1-bit “Number of LTE CRS Ports” is carried in NB-MIB.
Proposal 6:  6-bit “LTE system bandwidth and anchor PRB index” information is carried in NB-MIB.
FDD/TDD indication can reuse solution in legacy LTE system, i.e., to indicate FDD and TDD by relative position of NB-PSS and NB-SSS or spacing of two NB-PSS transmissions. 
For simple implementation, CFI can reuse the solution in Rel-13 eMTC.
Contents carried in NB-MIB are summarized in Table 1. Besides the fields listed in Table1, to support multiple NB-IoT subcarriers operation, for example, if NB-SIB1 is transmitted in non-anchor PRBs, additional information is needed to indicate the PRB location of NB-SIB1. Details can be found in our companion paper [2].
Table 1 Contents carried in NB-MIB
	Parameter
	Number of Bits

	System Frame Number
	4

	SI Value Tag
	5~6

	NB-SIB1 Scheduling Information
	5

	Operation Mode
	2

	LTE system bandwidth and anchor PRB index
	6

	Number of LTE CRS Ports
	1

	Reserved
	0~11

	Total
	23~34


Assuming 16-bit CRC, the contents carried by NB-PBCH would not be greater than 50 bits. After TBCC coding, rate matching, sub-block segmentation, sub-block repetition and QPSK modulation, NB-PBCH symbols would be mapped to the available REs within a NB-PBCH scheduling period.
3 Conclusions
In this contribution, we have discussed details of NB-MIB design. We make the following proposals:
Proposal 1: Four most significant bits of the SFN are carried in NB-MIB.
Proposal 2: NB-MIB includes 5~6 bits “SI Value Tag” field.
Proposal 3: 5-bit NB-SIB1 scheduling information is carried in NB-MIB.
Proposal 4: 2-bit operation mode information is carried in NB-MIB.
Proposal 5: 1-bit “Number of LTE CRS Ports” is carried in NB-MIB.
Proposal 6:  6-bit “LTE system bandwidth and anchor PRB index” information is carried in NB-MIB.
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Appendix

Table A1 An example of joint indication of  “LTE system bandwidth and anchor PRB index”
	Value
	LTE system bandwidth
	Anchor PRB index

	0
	3 MHz
	2

	1
	3 MHz
	12

	2
	5 MHz
	2

	3
	5 MHz
	7

	4
	5 MHz
	12

	5
	5 MHz
	22

	6
	15 MHz
	2

	7
	15 MHz
	7

	8
	15 MHz
	12

	9
	15 MHz
	17

	10
	15 MHz
	22

	11
	15 MHz
	27

	12
	15 MHz
	32

	13
	15 MHz
	42

	14
	15 MHz
	47

	15
	15 MHz
	52

	16
	15 MHz
	57

	17
	15 MHz
	62

	18
	15 MHz
	67

	19
	15 MHz
	72

	20
	10 MHz
	4

	21
	10 MHz
	9

	22
	10 MHz
	14

	23
	10 MHz
	19

	24
	10 MHz
	30

	25
	10 MHz
	35

	26
	10 MHz
	40

	27
	10 MHz
	45

	28
	20 MHz
	4

	29
	20 MHz
	9

	30
	20 MHz
	14

	31
	20 MHz
	19

	32
	20 MHz
	24

	33
	20 MHz
	29

	34
	20 MHz
	34

	35
	20 MHz
	39

	36
	20 MHz
	44

	37
	20 MHz
	55

	38
	20 MHz
	60

	39
	20 MHz
	65

	40
	20 MHz
	70

	41
	20 MHz
	75

	42
	20 MHz
	80

	43
	20 MHz
	85

	44
	20 MHz
	90

	45
	20 MHz
	95

	46~63
	Reserved


