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1 Introduction
In RAN1 #84 meeting [1], NB-MIB was discussed with the following conclusion:
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 NB-RS ports (1 or 2) is indicated by NB-PBCH CRC masking (all 0’s for 1 port, and all 1’s for 2 ports, as in the current spec for LTE CRS)
· For rate matching purpose for NB-PBCH,  the number of NB-RS ports is based on 2
· 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
· The differentiation of FDD vs. TDD is NOT indicated in Rel-13
· Note: it is assumed that there is at least one reserved bit in NB-MIB
Working assumption:

· Information to obtain CRS sequence (only needed if same-PCI indicator is set to 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 

· Note that this working assumption is related to the working assumption regarding the potential usage of LTE CRS for demodulation

· FFS whether same-PCI indicator and PRB index are always present, or only in in-band case

Agreements:

· When the same-PCI indicator is set to true

· The UE may assume that cell ID is identical for NB-IoT and LTE, 
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· The UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS

· The UE may assume that the channel can be inferred from both NB-RS and LTE CRS

· LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1

· The UE may assume LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available

· When the same-PCI indicator is set to false

· The UE shall make no assumption on the LTE CRS except for the RE locations for rate matching
In this contribution, we discuss the open issues on NB-MIB content.
2 Discussion
1) LTE CRS antenna port number

In the last meeting, it was agreed that the number of CRS ports is indicated in NB-MIB. There are two options to indicate the number of LTE CRS ports.
· Option 1: use 1 bit to indicate whether the number of CRS ports is 4 or not [2]
· Option 2: use 2 bits to indicate the number of CRS ports, i.e. 1, 2 or 4
It was agreed that when the same-PCI indicator is set to true, the UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS. Otherwise, the UE shall make no assumption on the LTE CRS except for the RE locations for rate matching. 
Based on the agreement, when the same-PCI indicator is set to false, some assumption has to be made for option 1 since whether the number of CRS port is 1 or 2 is not explicitly indicated in NB-MIB. For example, it can be assumed that the number of antenna ports is the same for CRS and NB-RS except when the number of CRS ports is 4 [3]. However, the assumption may preclude some deployment scenarios, for example the heterogeneous network in which NB-IoT UEs are supported in a small cell and the other regular LTE UEs are supported in a macro cell or different physical antennas in a same eNB are used for NB-RS ports and CRS ports. Alternatively, the number of CRS ports can be assumed to be 2 unless the number of CRS ports is 4. Consequently, NB-IoT UEs will apply rate matching assuming 2 CRS ports even if the actual number of CRS port is one which leads to resource waste. 
Although option 1 requires 1 less bit in NB-MIB, considering the limitation on deployment scenario and/or potential resource waste, we prefer option 2, i.e. use 2 bits to indicate the number of CRS ports explicitly.
2) LTE CRS sequence information 
As agreed in the last meeting, information to obtain CRS sequence (only needed if same-PCI indicator is set to true) is indicated in NB-MIB. The CRS sequence can be derived from the PRB index and the LTE bandwidth. The PRB indices and LTE system bandwidth for NB-PSS/SSS transmission were agreed as follows.
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As shown in the table, there are totally 46 combinations of LTE system bandwidth and PRB indices which can be indicated by 6 bits. 
3) Raster offset
Based on the agreements, there can be maximum 7.5 kHz offset between the center frequency of an NB-IoT carrier transmitting NB-PSS/SSS and the LTE channel raster for in-band and guard-band operation modes. For in-band operation mode and the same-PCI indicator is set to true, the raster offset can be derived implicitly from LTE system bandwidth and the PRB index [5]. For guard-band operation mode and the in-band operation mode with same-PCI indicator is set to false, 2 bits are sufficient to indicate one of the 4 possible raster offset, i.e. ±2.5/±7.5 kHz. 
4) Deployment mode and same-PCI indicator
Considering that the information needed to be carried in the NB-MIB for different operation modes is different, it was proposed to have a 2-bit bit index in the NB-MIB to indicate deployment and same-PCI indicator [6].
As discussed above, the fields of LTE CRS antenna port number, LTE CRS sequence information and raster offset in NB-MIB should be explained in different ways for three different deployment modes. 
For standalone operation, as there is no LTE CRS or frequency offset relative to LTE channel raster, there is no need to indicate the related information. 
For guard-band operation, it is only necessary to indicate frequency offset considering there is no LTE CRS. 
For in-band operation, if the same-PCI indicator is true, since the raster offset can be implicitly derived from PRB index and LTE bandwidth, 6 bits of PRB index and LTE bandwidth are sufficient for both LTE CRS sequence information and raster offset. It was agreed in the last meeting that the UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS when the same-PCI indicator is set to true, there is no need to indicate the number of CRS antenna port. If the same-PCI indicator is set to false, the number of CRS antenna ports should be indicated for rate matching or puncturing purpose. In addition, raster offset needs to be explicitly indicated.

Based on the analysis above, we propose the following NB-MIB design in Table 1.
Table1: NB-MIB information depending on deployment and same-PCI indicator
	bit index
(2 bits)
	Deployment and same-PCI indicator

(implicit)
 
	PRB index and bandwidth
 (6 bits)
	Raster offset
(2 bits)
	CRS antenna port
(2 bits)

	00
	standalone
	reserved
	reserved
	reserved

	01
	guard-band
	reserved
	Value
	Raster offset
	reserved

	
	
	
	0
	+2.5kHz
	

	
	
	
	1
	-2.5kHz
	

	
	
	
	2
	+7.5kHz
	

	
	
	
	3
	-7.5kHz
	

	10
	in-band

same-PCI indicator=false
	reserved
	Value
	raster offset
	Value
	CRS antenna port

	
	
	
	0 
	+2.5kHz
	0
	1

	
	
	
	1
	-2.5kHz
	1
	2

	
	
	
	2
	+7.5kHz
	2
	4

	
	
	
	3
	-7.5kHz
	3
	reserved

	11
	in-band
same-PCI indicator=true
	Value
	Band

width
	PRB index
	Raster offset
	reserved

	
	
	0
	3MHz
	2
	+7.5kHz
	

	
	
	1
	3MHz
	12
	-7.5kHz
	

	
	
	2
	5MHz
	2
	+7.5kHz
	

	
	
	3
	5MHz
	7
	+7.5kHz
	

	
	
	4
	5MHz
	17
	-7.5kHz
	

	
	
	5
	5MHz
	22
	-7.5kHz
	

	
	
	6
	15MHz
	2
	+7.5kHz
	

	
	
	7
	15MHz
	7
	+7.5kHz
	

	
	
	8
	15MHz
	12
	+7.5kHz
	

	
	
	9
	15MHz
	17
	+7.5kHz
	

	
	
	10
	15MHz
	22
	+7.5kHz
	

	
	
	11
	15MHz
	27
	+7.5kHz
	

	
	
	12
	15MHz
	32
	+7.5kHz
	

	
	
	13
	15MHz
	42
	-7.5kHz
	

	
	
	14
	15MHz
	47
	-7.5kHz
	

	
	
	15
	15MHz
	52
	-7.5kHz
	

	
	
	16
	15MHz
	57
	-7.5kHz
	

	
	
	17
	15MHz
	62
	-7.5kHz
	

	
	
	18
	15MHz
	67
	-7.5kHz
	

	
	
	19
	15MHz
	72
	-7.5kHz
	

	
	
	20
	10MHz
	4
	-2.5kHz
	

	
	
	21
	10MHz
	9
	-2.5kHz
	

	
	
	22
	10MHz
	14
	-2.5kHz
	

	
	
	23
	10MHz
	19
	-2.5kHz
	

	
	
	24
	10MHz
	30
	+2.5kHz
	

	
	
	25
	10MHz
	35
	+2.5kHz
	

	
	
	26
	10MHz
	40
	+2.5kHz
	

	
	
	27
	10MHz
	45
	+2.5kHz
	

	
	
	28
	20MHz
	4
	-2.5kHz
	

	
	
	29
	20MHz
	9
	-2.5kHz
	

	
	
	30
	20MHz
	14
	-2.5kHz
	

	
	
	31
	20MHz
	19
	-2.5kHz
	

	
	
	32
	20MHz
	24
	-2.5kHz
	

	
	
	33
	20MHz
	29
	-2.5kHz
	

	
	
	34
	20MHz
	34
	-2.5kHz
	

	
	
	35
	20MHz
	39
	-2.5kHz
	

	
	
	36
	20MHz
	44
	-2.5kHz
	

	
	
	37
	20MHz
	55
	+2.5kHz
	

	
	
	38
	20MHz
	60
	+2.5kHz
	

	
	
	39
	20MHz
	65
	+2.5kHz
	

	
	
	40
	20MHz
	70
	+2.5kHz
	

	
	
	41
	20MHz
	75
	+2.5kHz
	

	
	
	42
	20MHz
	80
	+2.5kHz
	

	
	
	43
	20MHz
	85
	+2.5kHz
	

	
	
	44
	20MHz
	90
	+2.5kHz
	

	
	
	45
	20MHz
	95
	+2.5kHz
	

	
	
	46~63
	reserved
	


3 Conclusions
In this contribution, we discuss remaining issues on NB-MIB. It is proposed to adopt the NB-MIB design in Table 1.
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