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At RAN#69, a new work item named Narrowband IoT (NB-IoT) was approved, see [1]. 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#84 meeting, the following items about NPBCH and NB-MIB are agreed. 
“
· 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.
”
[bookmark: _Ref429119571]In this contribution, we discuss some remaining issues of NB-MIB and NPBCH design. 
Overview
In NB-IoT, the essential system information, e.g., system frame number (SFN), for initial access to a cell is carried on NPBCH. It is beneficial to use the same NPBCH design for all three deployment modes, i.e., standalone, guard-band and in-band. In [3], it is proposed that different version of MIB contents should be used for different operation modes, since some of fields in the MIB are not needed for some operations modes. Based on the understanding of the sourcing company, there are some similar properties experienced by in-band and guard-band operations, e.g., channel raster offset. Therefore, it is not necessary to define three different versions of MIB contents, but to use two versions of MIB contents, one for in-band and guard-band operations, and one for stand-alone. And the size of the MIB should be the same for all cases. 
Observation 1: Two versions of MIB contents can be defined, one for in-band and guard-band, one for stand-alone operation. 
1 Remaining issues about MIB contents
SFN
It was agreed that  “the 4 most significant bits of NB-IoT SFN are indicated in NB-MIB”. However, whether to include HyperSFN is still an open issue. In RAN1 simualtions, we have shown that NB-MIB can support 34-bit payload, and therefore, we can also accommodate partial or the entire HyperSFN in the MIB if necessary. However, the details should based on the input from RAN2.
Observation 2: If necessary, partial or entire HyperSFN can be placed in NB-MIB based on input from RAN2. 
Operation mode indicatoin, LTE CRS information, Raster offset, and system BW
Regarding the LTE CRS information, the following are agreed
“
· 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

”
For the in-band operation, LTE CRS can be used by the NB-IoT devices to improve the channel estmiation. As it is agreed that the information to obtain CRS sequence is included in MIB, the MIB needs to include the same-PCI indicator and the PRB index. As we have two different versions of MIB, 1 bit is needed for mode indication. And 1 bit is need for the same-PCI indicator. 
For guard-band and in-band operations, the channel raster needs to be indicated. The values of raster offset would be -2.5 kHz, +2.5 kHz, -7.5 kHz, +7.5 kHz. However, only the absolute value need to be signaled, and therefore, only 1 bit is needed. We discuss this in more details in the following paraghraph. 
The LTE CRS posistions in frequency domain 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, in order to obtain the exact LTE CRS information, the PRB position of the NB-IoT system needs to be indicated. Notice, the LTE CRS is generated in the manner as follows [4]. 
“

The reference-signal sequence  is defined by






where  is the slot number within a radio frame and  is the OFDM symbol number within the slot. The pseudo-random sequence  is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with  at the start of each OFDM symbol where 






The reference signal sequence  shall be mapped to complex-valued modulation symbols  used as reference symbols for antenna port  in slot  according to 


where





The variables  and  define the position in the frequency domain for the different reference signals where  is given by



The cell-specific frequency shift is given by . 
“

From the ways that the LTE CRSs are generated, we can use a new way to index the PRB which gives the same , which is used to determine the LTE CRS information. To be more specific, for all the systems, as long as the offset from the middle PRB is known, the LTE CRS can be determined. Therefore, it is only necessary to signal the offset between the NB-IoT PRB to the  LTE middle PRB. 
Define the new PRB index numbering that starts from the middle as






where is the original PRB index, and is the new indexing being singled, which is relative to the middle LTE PRB. Notice that the sign of  is related to the sign of the channel raster offset. Therefore, the sign of the channel raster offset can be implicitly derived from. 

Observation 3: It is not necessary to signalled the sign of the channel raster offset as it can be derived from .







Then  is still calculated as , but with  being substituted by . Here  for all the cases.   As we can see from the calculation, is not needed in calculating, and therefore the LTE system bandwidth does not need to be signalled. Moreover, since the odd and even number of PRBs is related to the absolute value of the channel raster offset, no additional signalling is needed.
An example is given in the appendix to facilitate the understanding of the proposed indexing method. Another advantage of using this method is forward compatibility, if new LTE system bandwidth is defined in the further.  
Observation 4: The LTE system bandwidth does not need to be signalled.
Proposal 1: It is proposed to signal the PRB indexing offset from the middle of the LTE system. 
Since at most 18 PRBs can be used as anchors for NB-IoT in-band deployment, 5 bits are needed for the indexing. As 5 bits gives 32 different indexing values, some of the values can be used to indicate guard-band operation including the corresponding raster offset. 
 Observation 5: If only the LTE CRS infomation is needed, 5 bits are necessary to indicate the offset from middle PRB of the the LTE system to the NB-IoT anchor PRB. 
Observation 6: Some of the indexing values given by the 5 bits can be used to indicate the guard-band operation including the corresponding raster offset.
The number of CRS ports
The number of LTE CRS ports is agreed to be indicated in MIB. However, this field can be re-used for stand-alone. The current understanding is that for stand-alone operation in release 13, only single antenna is supported. However, in later releases, maybe two antennas can also be used for stand-alone operation, e.g., in the case of deploying NB-IoT system with low power nodes. 
Proposal 2: The 1 bit LTE CRS port indication field can be re-used for stand-alone mode for forward compatibility. 
Other issues
During the discussion in the RAN1#84, some companies pointed out the issue of enabling frequency tracking in the current NPBCH design. The current NPBCH design allows frequency tracking between every 10 ms. This is good enough for NB-IoT devices experiencing slow varying channels. The NPBCH design in eMTC uses OFDM symbol repetitions to enable frequency tracking within a subframe. Similar design can also be used in NB-IoT system to enable better frequency tracking. 
Observation 7: OFDM symbol repetitions within a subframe of NPBCH can be considered to offer better frequency tracking for NPBCH decoding. 
Conclusions
Table 1 and Table 2 give an estimation of the MIB content and size of each filed. As we can see, in total 17 bits are needed in the MIB for stand-alone operation, and in total 24 bits are needed in the MIB for guard-band and in-band operation. 
Table 1 MIB content stand-alone 
	Field
	Size (bits)

	SFN
	4

	Operation mode
	1, to indicate whether it is stand-alone or not.

	The number of antenna ports
	1, reserved for further releases.

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

	SIB1 scheduling info. and TBS
	4

	Access barring info.
	Estimated to be 1 (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 17




[bookmark: _Ref445727139][bookmark: _Ref445727129]Table 2 MIB content in-band and guard-band
	Field
	Size (bits)

	SFN
	4

	Operation mode
	1, to indicate whether it is stand-alone or not.

	PRB index for in-band operation
	5, including indication of guar-band operation

	Channel raster offset
	1

	The number of CRS ports
	1

	Same PCI indication
	1

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

	SIB1 scheduling info. and TBS
	4

	Access barring info.
	Estimated to be 1 (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 24



Base on the discussion above, we have the following proposals and observations.
Proposal 1: It is proposed to signal the PRB indexing offset from the middle of the LTE system. 
Proposal 2: The 1 bit LTE CRS port indication field can be re-used for stand-alone mode for forward compatibility. 
Observation 1: Two versions of MIB contents can be defined, one for in-band and guard-band, one for stand-alone operation. 
Observation 2: If necessary, partial or entire HyperSFN can be placed in NB-MIB based on input from RAN2. 

Observation 3: It is not necessary to signalled the sign of the channel raster offset as it can be derived from .
Observation 4: The LTE system bandwidth does not need to be signalled.
Observation 5: If only the LTE CRS infomation is needed, 5 bits are necessary to indicate the offset from middle PRB of the the LTE system to the NB-IoT anchor PRB. 
Observation 6: Some of the indexing values given by the 5 bits can be used to indicate the guard-band operation including the corresponding raster offset.
Observation 7: OFDM symbol repetitions within a subframe of NPBCH can be considered to offer better frequency tracking for NPBCH decoding. 
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Appendix
In this example, we use 10 MHz LTE system as an example to illustrate the proposed indexing method. The legacy LTE PRB indexing is from 0 to 49, and the indexing is from low frequency to high frequency. We choose PRB 35, which is one of the possible anchor positions of deploying NB-IoT carrier. 
For PRB 35, following [4], we have


Then we have 

.
The new indexing maps PRB 35 to the following offset from the LTE middle PRB as 


Therefore, 






As we can see, with only indicating the offset, i.e., 10 PRBs from the middle, the same  can be obtained without knowing the system bandwidth.
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