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1 Introduction
In RAN1#84 meeting, the following agreements and working assumption on NB-PBCH were made [1]:
Agreement:
· The 4 most significant bits of NB-IoT SFN are indicated in NB-MIB.
· 4 bits are used to indicate NB-SIB1 scheduling information in NB-MIB.

· The number of CRS ports is indicated by NB-MIB.

· The deployment mode is indicated by NB-MIB

· Note: it doesn’t imply that it has to be a separate information field

· Raster offset is indicated in NB-MIB

Working assumption:

· Information to obtain CRS sequence (only needed if same-PCI indicator is true), and a same-PCI indicator (to indicate whether or not LTE PCI and NB-IoT PCI are the same) are indicated in NB-MIB
· FFS whether same-PCI indicator and PRB index are always present, or only in in-band case

In this contribution, we discuss remaining details on NB-MIB for NB-IoT.
2 Remaining details of NB-MIB contents
In RAN1#84 meeting, it was agreed that the following information is indicated by NB-MIB: “NB-SIB1 scheduling information”, “Deployment mode”, “Same-PCI indicator”, “Number of LTE CRS ports”, “Raster offset”, and “LTE CRS sequence”.
For NB-SIB1 transmission, the number of different TB sizes is 4, and the number of different repetition times within the period is 3. In this case, 12 states need to be indicated by “NB-SIB1 scheduling information” field. Specifically, the instance shown in Appendix Table A.1 can be used to indicate TBS and repetition times of NB-SIB1.
Table 1 The needed information depending on “Deployment mode and Same PCI indicator”
	
	Raster offset
	Number of CRS ports
	CRS sequence

	Standalone
	-
	-
	-

	Guard band
	Needed
	-
	-

	In-band, Same PCI indicator = false
	Needed
	Needed
	-

	In-band, Same PCI indicator = true
	Needed
	Needed
	Needed


Whether “Number of LTE CRS ports”, “Raster offset”, and “LTE CRS sequence” information needed or not depends on “Deployment mode” and “Same PCI indicator”, as shown in Table 1.
For NB-IoT,  “Standalone”, “Guard band”, and “In-band” deployment modes need to be supported. In this case, 3 states need to be indicated by “Deployment mode” field. For “In-band” deployment, the same PCID as LTE or different PCID from LTE can be used. So 2 states need to be indicated by “Same PCI indicator” field. The number of LTE CRS ports may be 1, 2 or 4. In this case, 2 states or 3 states need to be indicated by “Number of LTE CRS ports” field. When 2 states are indicated, one state corresponds to 4-port LTE CRS, and the other state corresponds to <4-port LTE CRS. For odd LTE system bandwidth(3/5/15 MHz), the number of different PRB indices corresponding to different LTE CRS sequences is 14, and for even LTE system bandwidth(10/20 MHz), the number of different PRB indices corresponding to different LTE CRS sequences is 18 [1]. In this case, 32 states need to be indicated by “LTE CRS sequence” field. For “In-band” and “Guard band” deployments, the possible carrier frequency offset is one of the following values {7.5 kHz, -7.5 kHz, 2.5 kHz, -2.5 kHz}. For “In-band” deployment and “Same PCI indicator = true”, the current carrier frequency offset can implicitly be obtained based on “LTE CRS sequence” field. But for “Guard band” deployment, and for “In-band” deployment and “Same PCI indicator = false”, 4 states needs to be indicated by “Raster offset” field.
For detailed composition of NB-MIB fields, the following two options can be considered:
· Option 1: “Deployment mode” and “Same PCI indicator” are indicated firstly, then subsequent fields of NB-MIB are determined based on “Deployment mode” and “Same PCI indicator”, as shown in Table 2.
· Option 2: “Deployment mode”, “Same PCI indicator”, “Raster offset” and “LTE CRS sequence” are indicated altogether (i.e., joint encoding), as shown in Table 3.
Table 2 Contents carried in NB-MIB and corresponding bit width (Option 1)

	Parameters
	Number of Bits

	Deployment mode and same PCI indicator
	2

	For Standalone deployment
	For Guard band deployment
	For In-band deployment, and Same PCI indicator = false
	For In-band deployment, and Same PCI indicator = true

	Reserved
	6
	Raster offset
	2
	Raster offset
	2
	LTE CRS sequence and Raster offset
	5

	
	
	Reserved
	4
	Number 
of LTE CRS ports
	1
	Number 
of LTE CRS ports
	1

	
	
	
	
	Reserved
	3
	
	

	Total
	8


Table 3 Contents carried in NB-MIB and corresponding bit width (Option 2)
	Parameters
	Number of Bits

	Deployment mode/Same PCI indicator/LTE CRS sequence/Raster offset
	6

	Number of LTE CRS ports
	1

	Total
	7


For Option 1, 2-bit “Deployment mode and Same PCI indicator” field is required, as shown in Appendix Table A.2. For “Guard band” deployment, only 2-bit “Raster offset” field is required to indicate one of the following offset values {7.5 kHz, -7.5 kHz, 2.5 kHz, -2.5 kHz}, as shown in Appendix Table A.3.
For “In-band” deployment and “Same PCI indicator = false”, similar to “Guard band deployment”, 2-bit “Raster offset” field shown in Appendix Table A.3 is also required to indicate one of the following offset values {7.5 kHz, -7.5 kHz, 2.5 kHz, -2.5 kHz}. In addition, considering the balance between NB-MIB control overhead and NB-SIB1 performance, 1-bit “Number of LTE CRS ports” field is preferable. Particularly “0” means <4-port (1 or 2) LTE CRS, and “1” means 4-port LTE CRS. For “0”, the resource mapping for NB-SIB1 can always be rate matched by 2-port LTE CRS. For “In-band” deployment and “Same PCI indicator = true”, 5-bit “LTE CRS sequence” field including “odd-even of LTE system bandwidth” and “PRB index” information is required, as shown in Appendix Table A.4. In addition, 1-bit “Number of LTE CRS ports” field is required. Particularly, “0” means number of LTE CRS ports is same as NB-RS, and “1” means 4-port LTE CRS.
For Option 2, 6-bit “Deployment mode, Same PCI indicator, LTE CRS sequence and Raster offset” field is required, as shown in Appendix Table A.5. In addition, 1-bit “Number of LTE CRS ports” field is also required. Similarly, for “In-band” deployment and “Same PCI indicator = false”, “0” means <4-port (1 or 2) LTE CRS, and “1” means 4-port LTE CRS. For “0”, the resource mapping for NB-SIB1 can always be rate matched by 2-port LTE CRS. For “In-band” deployment and “Same PCI indicator = true”, “0” means number of LTE CRS ports is the same as NB-RS, and “1” means 4-port LTE CRS.
For Option 1, the subsequent un-used bits corresponding to one “Deployment mode and Same PCI indicator” can be reserved for future. Compared with Option 1, Option 2 only saves 1-bit overhead, but Option 2 is has limitation for future extension, e.g., for Standalone and/or Guard band deployment.
Proposal 1: Using 2 bits to indicate “Deployment mode and same PCI indicator”.
· For Guard band deployment, using 2 bits to indicate “Raster offset”
· For In band deployment and Same PCI indicator = false, using 2 bits to indicate “Raster offset”, and using 1 bit to indicate “Number of LTE CRS ports”
· For In band deployment and Same PCI indicator = true, using 5 bits to indicate “LTE CRS sequence and Raster offset” , and using 1 bit to indicate “Number of LTE CRS ports”
Proposal 2: For In band deployment and Same PCI indicator = false, when value of “Number of LTE CRS ports” field is “0”, the resource mapping for NB-SIB1 is rate matched by 2-port LTE CRS; otherwise, the resource mapping for NB-SIB1 is rate matched by 4-port LTE CRS.
3 Conclusions
In this contribution, we have discussed remaining details on NB-MIB. We make the following proposals:
Proposal 1: Using 2 bits to indicate “Deployment mode and same PCI indicator”.
· For Guard band deployment, using 2 bits to indicate “Raster offset”
· For In band deployment and Same PCI indicator = false, using 2 bits to indicate “Raster offset”, and using 1 bit to indicate “Number of LTE CRS ports”
· For In band deployment and Same PCI indicator = true, using 5 bits to indicate “LTE CRS sequence and Raster offset” , and using 1 bit to indicate “Number of LTE CRS ports”
Proposal 2: For In band deployment and Same PCI indicator = false, when value of “Number of LTE CRS ports” field is “0”, the resource mapping for NB-SIB1 is rate matched by 2-port LTE CRS; otherwise, the resource mapping for NB-SIB1 is rate matched by 4-port LTE CRS.
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Appendix

Table A.1 Details of “NB-SIB1 scheduling information” field
	Value
	TBS
	Repetition times

	0
	TBS1
	4

	1
	TBS1
	8

	2
	TBS1
	16

	3
	TBS2
	4

	4
	TBS2
	8

	5
	TBS2
	16

	6
	TBS3
	4

	7
	TBS3
	8

	8
	TBS3
	16

	9
	TBS4
	4

	10
	TBS4
	8

	11
	TBS4
	16

	12~15
	Reserved


Table A.2 Details of “Deployment mode and Same PCI indicator” field
	Value
	Description

	0
	Standalone deployment

	1
	Guard band deployment

	2
	In-band deployment, same PCI indicator = false

	3
	In-band deployment, same PCI indicator = true


Table A.3 Details of “Raster offset” field for Guard band and In-band deployments
	Value
	Description

	0
	7.5 kHz

	1
	-7.5 kHz

	2
	2.5 kHz

	3
	-2.5 kHz


Table A.4 Details of “LTE CRS sequence and Raster offset” field for in-band deployment
	Value
	CRS sequence, including odd-even of BW and PRB index
	Raster offset

	0
	odd BW, 2
	7.5 kHz

	1
	odd BW, 7
	7.5 kHz

	2
	odd BW, 12
	7.5 kHz

	3
	odd BW, 17
	7.5 kHz

	4
	odd BW, 22
	7.5 kHz

	5
	odd BW, 27
	7.5 kHz

	6
	odd BW, 32
	7.5 kHz

	7
	odd BW, 42
	-7.5 kHz

	8
	odd BW, 47
	-7.5 kHz

	9
	odd BW, 52
	-7.5 kHz

	10
	odd BW, 57
	-7.5 kHz

	11
	odd BW, 62
	-7.5 kHz

	12
	odd BW, 67
	-7.5 kHz

	13
	odd BW, 72
	-7.5 kHz

	14
	even BW, 4
	-2.5 kHz

	15
	even BW, 9
	-2.5 kHz

	16
	even BW, 14
	-2.5 kHz

	17
	even BW, 19
	-2.5 kHz

	18
	even BW, 24
	-2.5 kHz

	19
	even BW, 29
	-2.5 kHz

	20
	even BW, 34
	-2.5 kHz

	21
	even BW, 39
	-2.5 kHz

	22
	even BW, 44
	-2.5 kHz

	23
	even BW, 55
	2.5 kHz

	24
	even BW, 60
	2.5 kHz

	25
	even BW, 65
	2.5 kHz

	26
	even BW, 70
	2.5 kHz

	27
	even BW, 75
	2.5 kHz

	28
	even BW, 80
	2.5 kHz

	29
	even BW, 85
	2.5 kHz

	30
	even BW, 90
	2.5 kHz

	31
	even BW, 95
	2.5 kHz


Table A.5 Details of “Deployment mode/Same PCI indicator/CRS sequence/Raster offset” field

	Value
	Deployment mode
	Same PCI indicator
	CRS sequence, including odd-even of BW and PRB index
	Raster offset

	0
	In-band
	True
	odd BW, 2
	7.5 kHz

	1
	In-band
	True
	odd BW, 7
	7.5 kHz

	2
	In-band
	True
	odd BW, 12
	7.5 kHz

	3
	In-band
	True
	odd BW, 17
	7.5 kHz

	4
	In-band
	True
	odd BW, 22
	7.5 kHz

	5
	In-band
	True
	odd BW, 27
	7.5 kHz

	6
	In-band
	True
	odd BW, 32
	7.5 kHz

	7
	In-band
	True
	odd BW, 42
	-7.5 kHz

	8
	In-band
	True
	odd BW, 47
	-7.5 kHz

	9
	In-band
	True
	odd BW, 52
	-7.5 kHz

	10
	In-band
	True
	odd BW, 57
	-7.5 kHz

	11
	In-band
	True
	odd BW, 62
	-7.5 kHz

	12
	In-band
	True
	odd BW, 67
	-7.5 kHz

	13
	In-band
	True
	odd BW, 72
	-7.5 kHz

	14
	In-band
	True
	even BW, 4
	-2.5 kHz

	15
	In-band
	True
	even BW, 9
	-2.5 kHz

	16
	In-band
	True
	even BW, 14
	-2.5 kHz

	17
	In-band
	True
	even BW, 19
	-2.5 kHz

	18
	In-band
	True
	even BW, 24
	-2.5 kHz

	19
	In-band
	True
	even BW, 29
	-2.5 kHz

	20
	In-band
	True
	even BW, 34
	-2.5 kHz

	21
	In-band
	True
	even BW, 39
	-2.5 kHz

	22
	In-band
	True
	even BW, 44
	-2.5 kHz

	23
	In-band
	True
	even BW, 55
	2.5 kHz

	24
	In-band
	True
	even BW, 60
	2.5 kHz

	25
	In-band
	True
	even BW, 65
	2.5 kHz

	26
	In-band
	True
	even BW, 70
	2.5 kHz

	27
	In-band
	True
	even BW, 75
	2.5 kHz

	28
	In-band
	True
	even BW, 80
	2.5 kHz

	29
	In-band
	True
	even BW, 85
	2.5 kHz

	30
	In-band
	True
	even BW, 90
	2.5 kHz

	31
	In-band
	True
	even BW, 95
	2.5 kHz

	32
	In-band
	False
	-
	7.5 kHz

	33
	In-band
	False
	-
	-7.5 kHz

	34
	In-band
	False
	-
	2.5 kHz

	35
	In-band
	False
	-
	-2.5 kHz

	36
	Guard band
	-
	-
	7.5 kHz

	37
	Guard band
	-
	-
	-7.5 kHz

	38
	Guard band
	-
	-
	2.5 kHz

	39
	Guard band
	-
	-
	-2.5 kHz

	40
	Stand alone
	-
	-
	-

	41~63
	Reserved


