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Introduction
In RAN1#84 meeting, there were agreements on NPBCH for NB-IoT as followings [1]: 
· 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
· Rate matching, scrambling and mapping for Normal CP 
· In FDD mode, after CRC attachment and channel coding, the NB-MIB is rate matched to E=1,600 bits denoted by e0, e1, …,eE-1 according to Section 5.3.1.3 in TS 36.212 
· The rate matched bits are scrambled with a sequence of length 1,600 
· The scrambling sequence for the NB-PBCH is given in 7.2 of TS 36.211 and is initialized with the NB-IoT Physical Cell Identifier (PCI) in each radio frame fulfilling nf mod 64 = 0 where nf is the System Frame Number (SFN) 
· The modulated bits are mapped to resource elements in a frequency first, time second fashion
· Within one NB-MIB TTI, the i-th block of 80ms duration, i=0,1,…,7, is used to transmit bits e200*i+j , j=0,1,…,199, i.e., identical symbols are transmitted in each subframe #0 within the i-th block
· 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
· 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
· 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
· NB-MIB indicates the TBS of NB-SIB1, where the number of different TB sizes for NB-SIB1 transmission is 4.

In this contribution, we show remaining details NB-MIB contents for NB-IoT.

NB-MIB contents for NB-IoT
2.1      Indication of deployment mode
The number of deployment modes of NB-IoT is three (i.e., in-band mode, guard-band mode, and stand-alone mode). However, we should consider two specific cases for in-band mode according to the state of the same PCI indicator, such as in-band mode when the same PCI indicator is true and in-band mode when the same PCI indicator is false. As a result, the deployment mode should be indicated by NB-MIB using 2bits as shown in table 1. 

Table 1 : Information for deployment mode with same PCI indicator
	Index
	Deployment mode

	00
	In-band mode when the same PCI indicator is true

	01
	In-band mode when the same PCI indicator is false

	10
	Guard band mode

	11
	Stand-alone mode



Proposal 1: The deployment mode should be indicated by NB-MIB using 2bits.

2.2 	Additional information for different deployment modes
Additional information could be different for each deployment mode. In case of in-band mode when the same PCI indicator is true, information for legacy CRS and raster offset should be indicated in NB-MIB. On the other hands, in case of in-band mode when the same PCI indicator is false or in case of guard band mode, the raster offset should be indicated in NB-MIB. Finally, in case of stand-alone mode, there is no necessity for indicating additional information related to CRS information or channel raster.
2.2.1 	In-band mode when the same PCI indicator is true
In case of in-band mode when the same PCI indicator is true, information for legacy CRS and raster offset should be indicated in NB-MIB. In order to use the CRS for demodulation, NB-IoT UE should obtain the CRS sequence and the CRS sequence index according to anchor PRB position. Firstly, the slot number within a radio frame, the OFDM symbol number within the slot, the condition of CP, and PCI are necessary to clarify the CRS sequence, but they could be same with legacy LTE system since the deployment mode is in-band mode. On the other hand, the CRS sequence index according to anchor PRB position should be indicated in NB-MIB. As shown in table 2, the number of available PRB indices to maintain the absolute value of raster offset is less than or equal to 7.5 kHz is 46. So, just indication of the combination of LTE system bandwidth and PRB indices takes 6 bits in NB-MIB.

Table 2 : Legacy PRB indices for different LTE system bandwidths
	LTE system bandwidth (MHz)
	3
	5
	10
	15
	20

	# of PRBs in  system bandwidth
	15
	25
	50
	75
	100

	Legacy PRB indices
	2, 12
	2, 7, 17, 22
	4, 9, 14, 19, 30, 35, 40, 45
	2, 7, 12, 17, 22, 27, 32, 42, 47, 52, 57, 62, 67, 72
	4, 9, 14, 19, 24, 29, 34, 39, 44, 55, 60, 65, 70, 75, 80, 85, 90, 95


However, alternative way to indicate the distance from center frequency of legacy PRB to DC frequency of system bandwidth takes 5 bits in NB-MIB. Also, it is enough to obtain legacy CRS sequence index and raster offset. Here, the number of raster offsets of NB-IoT is four (i.e., ±2.5kHz and ±7.5kHz) as shown in figure 1. 


Figure 1 : Channel raster offset for different system bandwidths

Table 3 shows the indices for legacy CRS information including the raster offset. As a result, in case of in-band mode when the same PCI indicator is true, additional information is indicated in NB-MIB using 5 bits as shown in table 3.
Table 3 : Indices table for Legacy CRS information
	Index
	{LTE system bandwidth (MHz), Legacy PRB index}
	Center frequency of legacy PRB - DC (kHz)
	Legacy CRS sequence index
	Channel raster offset (kHz)

	0
	{20, 4}
	-682.5
	18
	2.5

	1
	{20, 9}
	-607.5
	28
	2.5

	2
	{20, 14}
	-532.5
	38
	2.5

	3
	{15, 2}
	-525.0
	39
	-7.5

	4
	{20, 19}
	-457.5
	48
	2.5

	5
	{15, 7}
	-450.0
	49
	-7.5

	6
	{20, 24}
	-382.5
	58
	2.5

	7
	{15, 12}
	-375.0
	59
	-7.5

	8
	{10, 4} & {20, 29}
	-307.5
	68
	2.5

	9
	{15, 17}
	-300.0
	69
	-7.5

	10
	{10, 9} & {20, 34}
	-232.5
	78
	2.5

	11
	{15, 22}
	-225.0
	79
	-7.5

	12
	{10, 14} & {20, 39}
	-157.5
	88
	2.5

	13
	{5, 2} & {15, 27}
	-150.0
	89
	-7.5

	14
	{10, 19} & {20, 44}
	-82.5
	98
	2.5

	15
	{3, 2} & {5, 7} & {15, 32}
	-75.0
	99
	-7.5

	16
	{3, 12} & {5, 17} & {15, 42}
	75.0
	119
	7.5

	17
	{10, 30} & {20, 55}
	82.5
	120
	-2.5

	18
	{5, 22} & {15, 47}
	150.0
	129
	7.5

	19
	{10, 35} & {20, 60}
	157.5
	130
	-2.5

	20
	{15, 52}
	225.0
	139
	7.5

	21
	{10, 40} & {20, 65}
	232.5
	140
	-2.5

	22
	{15, 57}
	300.0
	149
	7.5

	23
	{10, 45} & {20, 70}
	307.5
	150
	-2.5

	24
	{15, 62}
	375.0
	159
	7.5

	25
	{20, 75}
	382.5
	160
	-2.5

	26
	{15, 67}
	450.0
	169
	7.5

	27
	{20, 80}
	457.5
	170
	-2.5

	28
	{15, 72}
	525.0
	179
	7.5

	29
	{20, 85}
	532.5
	180
	-2.5

	30
	{20, 90}
	607.5
	190
	-2.5

	31
	{20, 95}
	682.5
	200
	-2.5



2.2.2 	In-band mode when the same PCI indicator is false or guard band mode
In case of in-band mode when the same PCI indicator is false or in case of guard band mode, the raster offset should be indicated by NB-MIB. As above-mentioned, the number of raster offset is four. So, it takes 2 bits in NB-MIB. Table 4 shows the example of raster offset indicator.

Table 4 : Raster offset
	Index
	Raster offset (kHz)

	0
	2.5

	1
	-7.5

	2
	7.5

	3
	-2.5



Therefore, information for legacy CRS and raster offset can be jointly indicated by NB-MIB using maximum 5 bits as shown in table 5.

[bookmark: _GoBack]Table 5 : Additional information for different deployment modes
	Deployment mode in table 1
	Additional information
	Bits

	00
	Information for legacy CRS and raster offset
	5

	01
	Raster offset
	2

	10
	
	

	11
	-
	0



Proposal 2: Information for legacy CRS and raster offset can be jointly indicated by NB-MIB using maximum 5 bits.

3 Conclusions
We discuss remaining details NB-MIB contents for NB-IoT and have following proposals:

Proposal 1: The deployment mode should be indicated by NB-MIB using 2bits.
Proposal 2: Information for legacy CRS and raster offset can be jointly indicated by NB-MIB using maximum 5 bits.
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