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[bookmark: _Ref409106980]Introduction
At RAN#69, a new work item named Narrowband IoT (NB-IoT) was approved, see Error! Reference source not found.. The objective is to specify a radio access for cellular internet of things that 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. 
NB-IOT should support 3 different modes of operation: 
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
In RAN1 NB-IoT Ad Hoc, the following items about NB-MIB are agreed. 
	•	From RAN1 point of views, NB-MIB can be 34-bit payload and has a 16-bit CRC
•	NB-MIB includes at least
–	SFN
· FFS: Detailed information
–	FFS on LTE CRS information
–	FFS on NB-RS information
–	SIB1 scheduling information
–	Operation mode
· FFS: Details at least including explicit or implicit signaling
–	FFS on CFI
–	FFS on system BW
–	FFS on FDD/TDD indication
[bookmark: _Ref429119571]In this contribution, we discuss the NB-MIB content to facilitate decision NB-PBCH design. 
Overview
In NB-IoT, the essential system information, e.g., system frame number (SFN), for initial access to a cell is carried on NB-PBCH. NB-IoT NB-PBCH design is discussed in [2]. It is beneficial to use the same NB-PBCH design for all three deployment modes, i.e., standalone, guard-band and in-band. But the MIB contents of the three operation modes do not necessary to be the same. 
Observation 1: In order to minimize the system overhead, it is beneficial not to broadcast unnecessary information in the MIB.  
1 Details about MIB contents
In this section we discuss the detailed contents of the MIB fields and possilbe size of each filed. 
SFN
It is expected that NB-IoT uses the same frame structure as LTE. In LTE SFN information is 10 bits, and 8 of them are carried in MIB. The other 2 bits are carried by using different scrambling of the PBCH code blockes. In NB-IoT design, as the PSS and SSS design is to get timing within 80 ms, and NB-PBCH can only be updated every 640 ms. Hence after the PBCH decoding, only the timeing ambiguity beyond 640 ms needs to be resoved. Hence, the 6 LSB bits in SFN do not need to be explicitly signalled. Therefore, only 4 bits SFN are needed in the MIB. In the eMTC study, the 10 bits HyperSFN related to the support of eDRX is signaled in SIB1-BR. In RAN1 simualtions, we have shown that NB-MIB can support 34-bit payload, and therefore, we can also accoumdate partial or the entire HyperSFN in the MIB if necessary. However, the details should based on the input from RAN2. 
Observation 2: Due to the NB-PSS/SSS and NB-PBCH design, the 6 LSB bits in SFN do not need to be explicitly signalled.
Observation 3: If necessary, partial or entire HyperSFN can be placed in NB-MIB. 
Operation mode indicatin, LTE CRS information, NB-RS information and system BW
For the in-band operation, LTE CRS information is necessary to the NB-IoT devices. If the NB-IoT devices use the LTE CRS for channel estimation, then the exact LTE CRS information is needed. However, if new NB-RS is designed for all operations modes and for all coverages, only the LTE CRS positions are need for the NB-IoT devices to understand the rate matching and puncturing. The LTE CRS posistions can be derived from the PCID, and it is agreed in RAN1 NB-IoT Ad Hoc that “Note that the PCID from NB-SSS and the LTE PCID indicate the same LTE CRS position”. Therefore, it is not necessary to signal the exact LTE CRS information in the MIB. In this case, 3 bits are need for operation mode indication, and 2 bits are needed for channel raster offset indication. Hence, 5 bits are needed.  
Observation 4: If only the LTE CRS position is needed, 5 bits are necessary to indicate the operation modes and the channel raster offset for in-band and guard-band operation. 
However, by using 1 bit more, i.e., 6 bits, we can signal much more information, including the exact LTE CRS information, the legacy LTE system bandwith, all the operation modes, and the channel raster offset for in-band and guard-band operation. 
To be more specific, if the exact LTE CRS information is needed, e.g,  in the cases that NB-RS is only configured for some DL channels and/or for some coverage classes, it can be either signalled explicitly or implicitly. It is agreed that a 100 kHz channel raster is used for NB-IoT, which gives the following PRB posistions for in-band deployment (LTE PRB index starts from 0 in the lower band side). 
•	3 MHz LTE system (system with odd number of PRBs): 2, 12
•	5 MHz LTE system (system with odd number of PRBs): 2, 7, 17, 22
•	15 MHz LTE system (system with odd number of PRBs): 2, 7, 12, 17, 22, 27, 32, 42, 47, 52,  57, 62, 67, 72
•	10 MHz LTE system (system with even number of PRBs): 4, 9, 14, 19,30, 35, 40, 45
•	20 MHz LTE system (system with even number of PRBs): 4, 9, 14, 19, 24, 29, 34, 39, 44, 55, 60, 65, 70, 75, 80, 85, 90, 95
There are intotal 46 possible positions for NB-IoT deployment (explicity for each system bandwidth and the correpoding PRB positions in that system bandwidth), so we need 6 bits to signal them. After knowing the systembandwidth, and the PRB position, the channel raster offset as well as the LTE CRS can be deducted by the UE. As 6 bits can index 64 different values, we have 18 values left. These values can be used to signal the stand-alone deployment, as well as the guard-band deployment with correponding channel raster offset. Therefore, we do not need to use dedicate filed in the MIB to indicate stand-alone and guard-band deployment. 
Observation 5: In total 6 bits are desired to indicate the operation modes as well as the channel raster offset. 
A better way to partictian the search space is to use 1 bit to indicate whether the system has  odd or even number of PRBs, and use 5 bits to indicate the indexing of the PRB in the two groups. Observe there are in total 20 values to be indexed in LTE systems with odd number of PRBs. That is, 2 values for 3 MHz LTE system, 4 values for 5 MHz LTE system, and 14 values for 15 MHz LTE system (2 + 4 + 14 = 20). There are in total 26 values to be indexed in LTE systems with even number of PRBs. That is, 8 values for 10 MHz LTE system, and 18 values for 20 MHz LTE system (18 + 8 = 26). Therefore, 5 bits are needed to index all the values. Together with the 1 bit indicating the odd or even number of PRBs, the system bandwidth can also be deducted, as well as the exact channel raster offset, i.e., ±2.5 kHz or ±7.5 kHz from the 100 kHz grid (±7.5 kHz if odd number of PRBs are used by the legacy LTE system, or ±2.5 kHz if even number of PRBs are used by the legacy LTE system).  
As discussed above, 5 bits are needed to indicate the index of the in-band NB-IoT PRB. Since 5 bits can index 32 values but only at most 26 are needed for the in-band indexing, we have some extra values that can be used for other purposes. If the LTE system has odd number of PRBs, we have 12 values left, and if a LTE system with even number of PRBs, we have 6 values left. Therefore, in total, we have 18 values can be used for indicating the stand-alone and guard-band operation mode with correct channel raster offset. 
Proposal 1: Use 1 bit to indicate the odd and even number of PRBs, and 5 bits for indexing the PRB position for inband operation. The values left can be used to indicate the stand-alone and guard-band operation mode with correct channel raster offset.
Regarding NB-RS inforamtion, if the NB-RS pattern is configured for all operation modes and for all coverage classes, there is no need to signal the NB-RS configurations. If NB-RS is configurable according to UE coverage classes and operation mode, the NB-RS configure information can be coveyed via RRC signalling, or deduced from the coverage class that a UE belongs to. Therefore, it is not necessary to broadcast NB-RS configuration in the MIB. 
Observation 6: It is not necessary to broadcast the NB-RS configuration in the MIB. 
FDD/TDD indication
In the legacy LTE system, the FDD/TDD operation can be distinguished by the PSS/SSS placement, and detailed TDD operation information is carried by SIB1. If in NB-IoT system a unified the NB-PSS/SSS design is employed for both FDD/TDD operations, depending on the subframes that can be used for SIB1, the FDD/TDD indication can be either given in MIB or SIB1. If SIB1 is transmitted in a common subframe for both FDD and TDD operations, then it is not necessary to indicate the FDD/TDD indication in the MIB. Otherwise 1 bit indication is needed in the MIB.
Proposal 2: 1 bit in the MIB can be reserved to indicate FDD/TDD operation, and the detailed TDD configuration can be signaled in SIB1. 
CFI configuration info
The CFI is used in the legacy LTE system to indicate the size of the control region. It is beneficial to have some indication of the control region size for IoT devices, and the eNB can coordinate the scheduling. In the eMTC, the CFI is indicated to eMTC UEs in SIB1-BR. Similar solutions should also be adopted by NB-IoT, unless otherwise motivated. Furthermore, similar to eMTC UEs, the NB-IoT devices can assume for subframes containing PDSCH carrying SIB1-BR, the starting OFDM symbol of SIB1-BR reception is a fixed value predefined in the specification
Observation 7: Similar to eMTC, CFI should be conveyed by SIB1 in NB-IoT systems unless otherwise motivated. 
Other fields
It is agreed in RAN2 that a value tag is used in the MIB to indicate the system information change. The size of this tag is most likely to be 5 bits, which is the same as the eMTC. The SIB1 scheduling information and TBS of SIB1 is still under discussion. Using eMTC as a reference system, 5 bits are used for this. Furthermore, in the RAN2 discussion, 1-bit barring indication can also be included in the MIB to facilitate the UE to understand whether access control is active in the current cell. However, these fields are RAN2 related topics, and hence, we do not discuss them in this contribution. The numbers of bits presented are just used as reference to estimate the possible size of the MIB. 


Conclusions
Table 1 gives an estimation of the MIB content and size of each filed. As we can see, in total 28 to 32 bits are needed in MIB. If HyperSFN is not necessary to be included in the MIB, the MIB size is estimated to 22 bits, which is well below the 34 bits assumed in RAN1 simulation. 
Table 1 MIB content
	Filed
	Size (bits)

	SFN
	4

	PRB index for in-band operation
	5

	Odd/even number PRB indication
	1

	Operation mode
	Implicate deducted from PRB information for in-band operation and Odd/even number PRB indication.

	Channel raster offset
	Implicate deducted from PRB information for in-band operation and Odd/even number PRB indication.

	FDD/TDD indication (reserved for future use)
	(1)

	SIB1 scheduling info. and TBS
	Estimated to be 5 (Decision should be made in RAN2)

	Access barring info.
	Estimated to be 1 (Decision should be made in RAN2)

	HyperSFN (for eDRX)
	Estimated to be 6 to 10 (Decision should be made in RAN2)

	Value tag indicate system info change
	Estimated to be 5 (Decision should be made in RAN2)

	Total Size
	Estimated to be 28 to 32



Base on the discussion above, we have the following proposals and observations.
Proposal 1: Use 1 bit to indicate the odd and even number of PRBs, and 5 bits for indexing the PRB position for inband operation. The values left can be used to indicate the stand-alone and guard-band operation mode with correct channel raster offset.
Proposal 2: 1 bit in the MIB can be reserved to indicate FDD/TDD operation, and the detailed TDD configuration can be signaled in SIB1. 
Observation 1: In order to minimize the system overhead, it is beneficial not to broadcast unnecessary information in the MIB.  
Observation 2: Due to the NB-PSS/SSS and NB-PBCH design, the 6 LSB bits in SFN do not need to be explicitly signalled.
Observation 3: If necessary, partial or entire HyperSFN can be placed in NB-MIB. 
Observation 4: If only the LTE CRS position is needed, 5 bits are necessary to indicate the operation modes and the channel raster offset for in-band and guard-band operation. 
Observation 5: In total 6 bits are desired to indicate the operation modes as well as the channel raster offset. 
Observation 6: It is not necessary to broadcast the NB-RS configuration in the MIB. 
Observation 7: Similar to eMTC, CFI should be conveyed by SIB1 in NB-IoT systems unless otherwise motivated. 
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