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1. Introduction
At the last meeting, NB-MIB design was discussed extensively. Generally, the following fields are to be included based on the discussion progress
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 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 number of CRS ports is indicated by 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

At this stage, only the design of SFN indication and NB-SIB1 scheduling is clear and the exact design of the remaining fields still need further discussion. In this contribution, we will consider the exact design of these remaining fields and share our views regarding the optimal design. 
2. Discussion
2.1. Analysis

There is a very tight relationship among the agreed contents to be included in the MIB. For example, the indication or value of certain filed may depend on the indication or value of other fields. For the first step, we will figure out the relationship among these fields and the possible values under different conditions.
In in-band operation mode, the indicated fields and values depend on whether to utilize CRS for demodulation / measurement. If CRS is to be used (same PCI indicator is true), then there is no need to indicate the number of CRS ports, since the number of CRS ports is the same as the number of NB-RS ports which was agreed at the last meeting. To support the CRS usage, UEs need to obtain the CRS sequence that can be derived from the system bandwidth and PRB index. Thus, system bandwidth and PRB index should be indicated. According to the indicated system bandwidth and PRB index, the channel raster value can be derived as shown in Table 1. Since different PRB indices correspond to different offsets values from channel raster, there is no need to indicate those offsets directly. On the other hand, if CRS is not assumed for NB-IoT UEs, then there is no need to indicate the system bandwidth and PRB index. Instead, the number of CRS ports and channel raster should be indicated. 
In guard-band operation mode, only channel raster value is needed and in standalone operation mode, nothing else is needed. 
Table.2 summarizes the detailed relationship among the indicated fields. According to the table, it is observed that there are total 63 valid combination statuses. 
Table 1 Relationship among system BW, PRB index and channel raster
	System BW
	PRB index (from 0)
	Channel raster

	3 MHz
	2
	-7.5KHz

	5 MHz
	2,7
	

	15 MHz
	2,7,12,17,22,27,32
	

	3 MHz
	12
	+7.5KHz

	5 MHz
	17,22
	

	15 MHz
	42,47,52,57,62,67,72
	

	10 MHz
	4,9,14,19
	-2.5KHz

	20 MHz
	4,9,14,19,24,29,34,39,44
	

	10 MHz
	30,35,40,45
	+2.5KHz

	20 MHz
	55,60,65,70,75,80,85,90,95
	


Table 2  Valid combination statuses
	Operation mode
	In band
	Guard band
	Standalone

	Same PCI indicator
	0(false)
	1(true)
	--
	--

	Channel raster
(KHz)
	+2.5/-2.5

+7.5/-7.5
	+2.5
	-2.5
	+7.5
	-7.5
	+2.5/-2.5

+7.5/-7.5
	--

	Number of CRS ports
	(1/2/4)
	--
	--
	--
	--
	--
	--

	Combinations of PRB index and system BW
	--
	13
	13
	10
	10
	--
	--

	Total statuses
	12
	13
	13
	10
	10
	4
	1


2.2. NB-MIB design 

As we analyzed in the above section, there is a relationship among different fields. Thus, we could consider jointly encoding these fields. 
The first alternative is to jointly encoding all these fields. As calculated in the above section, there are 63 combinations and 6 bits are sufficient to express all combinations. Table. 3 shows an example of jointly encoding all the fields. 
Table 3 Example of jointly encoding all fields
	Status of 6 bits
	Operation mode
	Same PCI indicator
	Number of  CRS port
	Channel raster(KHz)
	System BW& PRB index

	000000
	In band
	F
	1Port
	2.5
	×

	000001
	In band
	F
	1Port
	7.5
	×

	000010
	In band
	F
	2Ports
	2.5
	×

	000011
	In band
	F
	2Ports
	7.5
	×

	000100
	In band
	F
	4Ports
	2.5
	×

	000101
	In band
	F
	4Ports
	7.5
	×

	000110
	In band
	F
	1Port
	-2.5
	×

	000111
	In band
	F
	1Port
	-7.5
	×

	001000
	In band
	F
	2Ports
	-2.5
	×

	001001
	In band
	F
	2Ports
	-7.5
	×

	001010
	In band
	F
	4Ports
	-2.5
	×

	001011
	In band
	F
	4Ports
	-7.5
	×

	001100
	In band
	T
	×
	-2.5
	10MHz; 4

	001101
	In band
	T
	×
	-2.5
	10MHz; 9

	001110
	In band
	T
	×
	-2.5
	10MHz; 14

	001111
	In band
	T
	×
	-2.5
	10MHz; 16

	010000
	In band
	T
	×
	2.5
	10MHz; 30

	010001
	In band
	T
	×
	2.5
	10MHz; 35

	010010
	In band
	T
	×
	2.5
	10MHz; 40

	010011
	In band
	T
	×
	2.5
	10MHz; 45

	010100
	In band
	T
	×
	-2.5
	20MHz; 4

	010101
	In band
	T
	×
	-2.5
	20MHz; 9

	010110
	In band
	T
	×
	-2.5
	20MHz; 14

	010111
	In band
	T
	×
	-2.5
	20MHz; 19

	011000
	In band
	T
	×
	-2.5
	20MHz; 24

	011001
	In band
	T
	×
	-2.5
	20MHz; 29

	011010
	In band
	T
	×
	-2.5
	20MHz; 34

	011011
	In band
	T
	×
	-2.5
	20MHz; 39

	011100
	In band
	T
	×
	-2.5
	20MHz; 44

	011101
	In band
	T
	×
	2.5
	20MHz; 55

	011110
	In band
	T
	×
	2.5
	20MHz; 60

	011111
	In band
	T
	×
	2.5
	20MHz; 65

	100000
	In band
	T
	×
	2.5
	20MHz; 70

	100001
	In band
	T
	×
	2.5
	20MHz; 75

	100010
	In band
	T
	×
	2.5
	20MHz; 80

	100011
	In band
	T
	×
	2.5
	20MHz; 85

	100100
	In band
	T
	×
	2.5
	20MHz; 90

	100101
	In band
	T
	×
	2.5
	20MHz; 95

	100110
	In band
	T
	×
	-7.5
	3MHz; 2

	100111
	In band
	T
	×
	7.5
	3MHz; 12

	101000
	In band
	T
	×
	-7.5
	5MHz; 2

	101001
	In band
	T
	×
	-7.5
	5MHz; 7

	101010
	In band
	T
	×
	7.5
	5MHz; 17

	101011
	In band
	T
	×
	7.5
	5MHz; 22

	101100
	In band
	T
	×
	-7.5
	15MHz; 2

	101101
	In band
	T
	×
	-7.5
	15MHz; 7

	101110
	In band
	T
	×
	-7.5
	15MHz; 12

	101111
	In band
	T
	×
	-7.5
	15MHz; 17

	110000
	In band
	T
	×
	-7.5
	15MHz; 22

	110001
	In band
	T
	×
	-7.5
	15MHz; 27

	110010
	In band
	T
	×
	-7.5
	15MHz; 32

	110011
	In band
	T
	×
	7.5
	15MHz; 42

	110100
	In band
	T
	×
	7.5
	15MHz; 47

	110101
	In band
	T
	×
	7.5
	15MHz; 52

	110110
	In band
	T
	×
	7.5
	15MHz; 57

	110111
	In band
	T
	×
	7.5
	15MHz; 62

	111000
	In band
	T
	×
	7.5
	15MHz; 67

	111001
	In band
	T
	×
	7.5
	15MHz; 72

	111010
	Guard band
	×
	×
	2.5
	×

	111011
	Guard band
	×
	×
	-2.5
	×

	111100
	Guard band
	×
	×
	7.5
	×

	111101
	Guard band
	×
	×
	-7.5
	×

	111110
	Stand alone
	×
	×
	×
	×


Another alternative is jointly encoding a part of fields. Considering the operation mode and same PCI indicator are two dominant factors, they can be jointly encoded by 2 bits. In addition, the other fields are encoded jointly. As shown in Table.4, considering the maximum number of remaining combinations is 46 for the case of in-band operation(same PCI =True), total 8 bits would be necessary in NB-MIB. On the other hand, 2 bits, 4 bits and 6 bits can be reserved for in-band (same PCI indicator=False), guard band and standalone respectively.   
Table 4 Illustration of jointly encoding a part of fields
	Operation mode & Same PCI indicator
	 CRS ports, Channel raster, information enable CRS usage
	Bits in NB-MIB
	Reserved bits

	
	Total combinations
	Require bits
	
	

	00 (In-band+same PCI=True)
	46
	6 bits 
	(2 + 6) bits 
	0 bit

	01 (In-band +same PCI=False)
	12
	4 bits
	
	2 bits

	10 (Guard band)
	4
	2 bits
	
	4 bits

	11 (Standalone)
	--
	--
	
	6 bits


The advantage of first alternative is to make full use of every bit and compress the overhead to the lowest level. As for the second alternative, although 2 more bits are required for the case of in-band (same PCI indicator=True), 2 bits, 4 bits and 6 bits can be saved for in-band and same PCI indicator=False, guard band and standalone respectively.  These saved bits can be utilized for other usage in future if necessary. 
Proposal 1: All of or part of operation mode, channel raster, number of CRS port and the information enable CRS usage are jointly encoded and indicated by 6-8  bits 
3. Conclusion
In this proposal, we analyze the exact design of remaining fields in MIB and our views are shown as follows. 
Proposal 1: All of or part of operation mode, channel raster, number of CRS port and the information enable CRS usage are jointly encoded and indicated by 6-8 bits
References

[1] 3GPP TSG RAN WG1 Meeting #84, “RAN1 Chairman’s Notes”, St Julian’s, Malta, 15th - 19th February 2016.
[2] 3GPP TR 45.820 V2.1.0, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”

- 1/4 -

