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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1#84 [3], the following agreements were achieved regarding the candidate NB-MIB contents. In this contribution, we describe the further details of NB-MIB contents.
	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


2. Discussion
The following indications were not decided yet:

· The operation mode
· The number of CRS ports
· Required for in-band operation only
· Raster offset 
· Required for in-band/guard-band operations
· Information to obtain CRS sequence (only needed if same-PCI indicator is set to true)
· Required for in-band operation only
It is observed that the remaining contents are mostly related to in-band/guard-band operations, while not for standalone operation mode. Therefore, it is straightforward to consider operation mode dependent indication in NB-MIB.
Proposal 1: Support a distinct field in NB-MIB to indicate the operation mode.

Proposal 2: The contents/interpretations of NB-MIB are determined by the operation mode.

Since now two cases are considered for in-band modes, i.e., same-PCI or not, the operation modes can be indicated by 2 bits in the following approach:
· 00: Standalone

· 01: Guard-band
· 10: In-band with different cell ID (same-PCI indicator is set to false)
· 11: In-band with same cell ID (same-PCI indicator is set to true)

For standalone mode, the remaining bits can be reserved for future usage. It is FFS to add further indication in Rel-13. 

For guard-band mode, the channel raster offset can be indicated by 2 bits:

· +7.5kHz, -7.5kHz, +2.5kHz, -2.5kHz
For in-band mode with different cell ID, the number of CRS ports and channel raster offset are indicated by 3 bits:

· 1 bit for number of CRS ports: 4 or not (less than 4) 

· 2 bits for channel raster offset: +7.5kHz, -7.5kHz, +2.5kHz, -2.5kHz
For in-band mode with same cell ID, the number of CRS ports, channel raster offset and CRS information are indicated by 8 bits:

· 1 bit for number of CRS ports: 4 or not (less than 4) 

· 5 bits for PRB offset from center frequency (more details in the Appendix):

· Total 32 cases, including 18 offsets for BW with even number of PRBs, and 14 offsets for BW with odd number of PRBs
· The channel raster offset can be derived based on PRB offset

· 2 bits for power offset between CRS and NB-RS

· To enable accurate channel estimation by jointly utilizing CRS and NB-RS
In summary, the remaining indications in NB-MIB are listed in the following table.
Proposal 3: Consider the following table for operation mode dependent indication in NB-MIB:

	Mode
	Mode dependent indication

	00
	Standalone: reserved for future usage

	01
	Guard-band: 2 bits for channel raster offset (+7.5kHz, -7.5kHz, +2.5kHz, -2.5kHz)

	10
	In-band with different cell ID: 1 bit for CRS port number (4 or not), 2 bits for channel raster offset (+7.5kHz, -7.5kHz, +2.5kHz, -2.5kHz)

	11
	In-band with same cell ID: 1 bit for CRS port number (4 or not), 5 bits for CRS information and channel raster offset (32 PRB offsets from center frequency), 2 bits for power offset between CRS and NB-RS 


3. Conclusions
This contribution discussed the NB-MIB contents. In summary, the proposals are as follows:
Proposal 1: Support a distinct field in NB-MIB to indicate the operation mode.

Proposal 2: The contents/interpretations of NB-MIB are determined by the operation mode.

Proposal 3: Consider the following table for operation mode dependent indication in NB-MIB:

	Mode
	Mode dependent indication

	00
	Standalone: reserved for future usage

	01
	Guard-band: 2 bits for channel raster offset (+7.5kHz, -7.5kHz, +2.5kHz, -2.5kHz)

	10
	In-band with different cell ID: 1 bit for CRS port number (4 or not), 2 bits for channel raster offset (+7.5kHz, -7.5kHz, +2.5kHz, -2.5kHz)

	11
	In-band with same cell ID: 1 bit for CRS port number (4 or not), 5 bits for CRS information and channel raster offset (32 PRB offsets from center frequency), 2 bits for power offset between CRS and NB-RS
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5. Appendix
The CRS sequence values in a certain PRB are determined by the offset from center frequency. With the same offset, the CRS sequence values are the same. For BW with even number of PRBs, there are up to 18 candidate PRB offsets, and for BW with odd number of PRBs, there are up to 14 candidate PRB offsets. In total 32 cases of PRB offset can be indicated by 5 bits.
	LTE BW (# RBs)
	3MHz (15)
	5MHz (25)
	10MHz (50)
	15MHz (75)
	20MHz (100)

	In-band PRB Indices for NB-PSS/NB-SSS Transmission (
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	2, 7, 12, 17, 22, 27, 32, 42, 47, 52, 57, 62, 67, 72
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	(99,100), (119,120)
	(89,90), (99,100), (119,120),(129,130)
	(68,69), (78,79), (88,89), (98,99), (120,121),(130,131), (140,141), (150,151)
	(39,40), (49,50), (59,60), (69,70), (79,80), (89,90), (99,100),(119,120), (129,130),(139,140), (149,150),(159,160), (169,170),(179,180)
	(18,19), (28,29),   (38,39), (48,49),   (58,59), (68,69),   (78,79), (88,89), (98,99),(120,121), (130,131),(140,141), (150,151),(160,161), (170,171),(180,181), (190,191),(200,201)
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