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Discussion and Decision
1
Introduction
In RAN1#84, it was agreed that:
· From RAN1 point of view, NB-MIB can be 34-bit payload and has a 16-bit CRC

· 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

· 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.

Plus the following 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

In this contribution, we consider remaining issues for NB-MIB content.
2
NB-MIB content
2.1
LTE system bandwidth, PRB index and raster offset coding

[1] describes four possible options to indicate LTE system bandwidth, PRB index and raster offset, possibly combined with deployment mode and/or same-PCI indicator. All these options always provide the complete list of PRB indexes (carrier locations for guard-band) which fulfil the minimum raster offset value requirement (either 0 kHz or -/+ 5.0 kHz when NB-PSS uses 11 subcarriers, see [4]) and do not belong to the innermost PRBs; such list requires 46 values for the in-band case and 16 values for the guard-band case (N/A for the standalone case), i.e. 6 bits at the most.
Our proposal is therefore to indicate within the MIB the complete list of PRB indexes/carrier locations, along with their corresponding LTE system bandwidth and raster offset (see the tables below):

Table 1: LTE system bandwidth, PRB index and Raster offset coding for in-band

	Value
	LTE system bandwidth (# of PRBs)
	PRB index
	Raster offset

	0
	3 MHz (15 PRBs)
	2
	0 kHz

	1
	3 MHz (15 PRBs)
	12
	0 kHz

	2
	5 MHz (25 PRBs)
	2
	0 kHz

	3
	5 MHz (25 PRBs)
	7
	0 kHz

	4
	5 MHz (25 PRBs)
	17
	0 kHz

	5
	5 MHz (25 PRBs)
	22
	0 kHz

	6
	10 MHz (50 PRBs)
	4
	+5.0 kHz

	7
	10 MHz (50 PRBs)
	9
	+5.0 kHz

	8
	10 MHz (50 PRBs)
	14
	+5.0 kHz

	9
	10 MHz (50 PRBs)
	19
	+5.0 kHz

	10
	10 MHz (50 PRBs)
	30
	- 5.0 kHz

	11
	10 MHz (50 PRBs)
	35
	- 5.0 kHz

	12
	10 MHz (50 PRBs)
	40
	- 5.0 kHz

	13
	10 MHz (50 PRBs)
	45
	- 5.0 kHz

	14
	15 MHz (75 PRBs)
	2
	0 kHz

	15
	15 MHz (75 PRBs)
	7
	0 kHz

	16
	15 MHz (75 PRBs)
	12
	0 kHz

	17
	15 MHz (75 PRBs)
	17
	0 kHz

	18
	15 MHz (75 PRBs)
	22
	0 kHz

	19
	15 MHz (75 PRBs)
	27
	0 kHz

	20
	15 MHz (75 PRBs)
	32
	0 kHz

	21
	15 MHz (75 PRBs)
	42
	0 kHz

	22
	15 MHz (75 PRBs)
	47
	0 kHz

	23
	15 MHz (75 PRBs)
	52
	0 kHz

	24
	15 MHz (75 PRBs)
	57
	0 kHz

	25
	15 MHz (75 PRBs)
	62
	0 kHz

	26
	15 MHz (75 PRBs)
	67
	0 kHz

	27
	15 MHz (75 PRBs)
	72
	0 kHz

	28
	20 MHz (100 PRBs)
	4
	+5.0 kHz

	29
	20 MHz (100 PRBs)
	9
	+5.0 kHz

	30
	20 MHz (100 PRBs)
	14
	+5.0 kHz

	31
	20 MHz (100 PRBs)
	19
	+5.0 kHz

	32
	20 MHz (100 PRBs)
	24
	+5.0 kHz

	33
	20 MHz (100 PRBs)
	29
	+5.0 kHz

	34
	20 MHz (100 PRBs)
	34
	+5.0 kHz

	35
	20 MHz (100 PRBs)
	39
	+5.0 kHz

	36
	20 MHz (100 PRBs)
	44
	+5.0 kHz

	37
	20 MHz (100 PRBs)
	55
	- 5.0 kHz

	38
	20 MHz (100 PRBs)
	60
	- 5.0 kHz

	39
	20 MHz (100 PRBs)
	65
	- 5.0 kHz

	40
	20 MHz (100 PRBs)
	70
	- 5.0 kHz

	41
	20 MHz (100 PRBs)
	75
	- 5.0 kHz

	42
	20 MHz (100 PRBs)
	80
	- 5.0 kHz

	43
	20 MHz (100 PRBs)
	85
	- 5.0 kHz

	44
	20 MHz (100 PRBs)
	90
	- 5.0 kHz

	45
	20 MHz (100 PRBs)
	95
	- 5.0 kHz

	46-63
	Reserved


Table 2: LTE system bandwidth, Carrier location and Raster offset coding for guard-band

	Value
	LTE system bandwidth
	Carrier location
	Raster offset

	0
	5 MHz
	+ 2392.5 kHz
	0 kHz

	1
	5 MHz
	- 2392.5 kHz
	0 kHz

	2
	10 MHz
	+ 4597.5 kHz
	- 5.0 kHz

	3
	10 MHz
	- 4597.5 kHz
	+ 5.0 kHz

	4
	10 MHz
	+ 4807.5 kHz
	0 kHz

	5
	10 MHz
	- 4807.5 kHz
	0 kHz

	6
	15 MHz
	+ 6892.5 kHz
	0 kHz

	7
	15 MHz
	- 6892.5 kHz
	0 kHz

	8
	15 MHz
	+ 7102.5 kHz
	+5.0 kHz

	9
	15 MHz
	- 7102.5 kHz
	- 5.0 kHz

	10
	20 MHz
	+ 9097.5 kHz
	- 5.0 kHz

	11
	20 MHz
	- 9097.5 kHz
	+ 5.0 kHz

	12
	20 MHz
	+ 9307.5 kHz
	0 kHz

	13
	20 MHz
	- 9307.5 kHz
	0 kHz

	14
	20 MHz
	+ 9502.5 kHz
	+5.0 kHz

	15
	20 MHz
	- 9502.5 kHz
	- 5.0 kHz

	16 - 63
	Reserved


Note: the above raster offset values were computed assuming 11 subcarriers for NB-PSS with flexible location, i.e. NB-PSS subcarriers allocated either at the top or bottom of the NB-IoT PRB/carrier. 

Such coding needs 6 bits for both in-band and guard-band cases and is similar to option 3 in [1].

Proposal 1:
- For in-band LTE system bandwidth, PRB index and Raster offset are coded according to table 1.
- For guard-band LTE system bandwidth, carrier location and Raster offset are coded according to table 2. 
Such coding needs 6 bits.

2.2
Deployment mode coding
With the coding described in 2.1 and similar to the option 1 in [1] a possibility could be to merge both LTE bandwidth, PRB index/carrier location and Raster offset coding with the deployment mode coding as follows:

Table 3: merged deployment mode coding

	Value
	Deployment mode
	LTE bandwidth, PRB index/carrier location and Raster offset

	0 - 45
	In-band
	See table 1 (reserved values not included)

	46 - 61
	Guard-band
	See table 2 (reserved values not included)

	62
	Standalone
	N/A

	63
	Reserved


Such coding would allow to optimize the MIB payload for in-band and guard-band modes, however in our view it has two drawbacks:

- Since 63 values are used no room is left for further extensions. In particular, the indication of a “mixed in-band/guard-band” deployment mode which may be useful later on for multiple carriers is not possible with such coding. 
- MIB content is not optimized at all for the standalone mode (6 bits are needed to only indicate the deployment mode).

We therefore suggest to have a separate deployment mode coding as follows:

Table 4: deployment mode coding

	Value
	Deployment mode

	0
	Standalone

	1
	Guard-band

	2
	In-band

	3
	Reserved


Proposal 2: deployment mode is coded according to table 4 (2 bits).

2.3
Same-PCI indicator coding

It has been proposed in [1] (option 4) and [3] to merge both deployment mode and same-PCI-indicator codings. However in our view such proposal has the same drawbacks as the ones listed in 2.2 (no room left for further extensions, lack of optimization for both the standalone and guard-band deployment modes).
We therefore propose a separate same-PCI indicator coding over 1 bit (0 = true, 1 = false).

Proposal 3: same-PCI indicator is coded over 1 bit (0 = true, 1 = false).

3
Conclusion
In this contribution, we consider the design of MIB content for NB-IoT. Based on our analysis, we make the following proposals:
Proposal 1:
- For in-band LTE system bandwidth, PRB index and Raster offset are coded according to table 1.
- For guard-band LTE system bandwidth, carrier location and Raster offset are coded according to table 2. 
Such coding needs 6 bits.

Proposal 2: deployment mode is coded according to table 4 (2 bits).

Proposal 3: same-PCI indicator is coded over 1 bit (0 = true, 1 = false).

With these proposals the total bitwidth vs deployment mode for LTE bandwidth + PRB index/carrier location + Raster offset, deployment mode and same-PCI indicator fields is as follows:

Table 5: total bitwidth vs deployment mode

	
	Standalone
	Guard-band
	In-band

	LTE bandwidth + … + Raster offset
	
	6 bits
	6 bits

	Deployment mode
	2 bits
	2 bits
	2 bits

	Same-PCI indicator
	
	
	1 bit

	Total bitwidth
	2 bits
	8 bits
	9 bits


For the worst case (in-band) 9 bits are needed, with the extra benefits brought by separate fields (future proofness coding, optimized content for both the standalone and guard-band deployment modes).
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