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1. Introduction
In RAN1#84, the following agreements have been made regarding PBCH: 

Agreements:
· 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.
In this contribution, we provide our view on the PBCH and MIB for NB-IoT. 


2. MIB contents
According to previous agreements, the MIB content is as follows:
	SFN (Agreed in RAN2)
	4 bits

	SIB1 scheduling information
	4 bits

	Number of CRS ports
	2 bits {0,1,2,4}

	Raster offset
	?

	Same PCI indicator (FFS)
	1 bit

	TDD vs FDD (FFS)
	1 bit

	Information to obtain CRS sequence (FFS)
	?

	SIB1 value tag (Agreed in RAN2)
	5 bits

	Access control (Agreed in RAN2)
	1 bit



In the following, we provide our view on the MIB fields that are yet to be decided:
2.1. TDD support
It is agreed in RAN1 that TDD is not supported in release 13, but “supports at least the necessary forward compatibility to support TDD”. In our view, an FDD vs TDD bit in PBCH would be necessary to achieve this forward compatibility without increasing the complexity of future NB-IoT UE that support FDD and TDD:
· It would be desirable for the sync channel (PSS/SSS) to be the same for FDD and TDD. Changing the sync channel for a potential Rel-14 TDD UE would increase the complexity (a UE should look for two sync signals instead of one), which is not desirable. 
· There is a working assumption assuming that one reserved bit in MIB can be used for FDD vs TDD differentiation in future releases, if needed. This approach, however, would not be amenable to Rel-13 UE that can potentially find a Rel-14 TDD cell, as they will decode PBCH and just ignore that field.
To avoid this confusion and potential increase in complexity, we propose to use 1 bit in MIB to signal FDD vs TDD. In Rel-13 specification, this bit can be alternatively defined as having a constant value (set to 0), otherwise the UE may assume the cell is barred.
Proposal 1: 1 bit in MIB is used for FDD/TDD differentiation. 

2.2. Indication of operation mode / raster
It is already agreed to have a separate field to indicate the number of CRS ports. This number can be set to {0,1,2,4}, where the 0 indicates standalone or guard-band deployment.
We present two different options to signal operation mode / raster / CRS sequence

2.2.1.  Same-PCID bit + indication
One option is to include the same-PCID bit in MIB (1 bit) and a separate field with all possible PRB locations.
For in-band, there are a total of 14 possible RB locations for cells with an odd number of RBs, and 18 possible RB locations for cells with even number of RBs. These locations capture all the possible offsets with respect to the center of the LTE cell, so knowing this value is enough to use CRS for demodulation, without the need to know the cell bandwidth. 



Figure 1 PRB index for different bandwidth values for option 1
This field would use 5 bits to signal all the possible combinations offsets. From this index, we can recover the CRS sequence plus the offset with respect to frequency raster. If we are in standalone or guard band mode (i.e., number of CRS antenna ports is signaled to be zero), this field can be used to signal the offset with respect to the 100kHz raster. The following values (in kHz) are allowed: {-7.5, -2.5, 0, 2.5, 7.5}. If the value is 0, then this means that the deployment is standalone. Otherwise, the deployment is guard-band.

2.2.2.  Joint encoding of same PCID, CRS information and raster
An alternative approach is to use jointly encode same PCID and CRS / raster offset information. We have the following combinations
· If number of CRS ports = 0, we need to signal the raster offset ({-7.5, -2.5, 0, 2.5, 7.5})  5 combinations.
· If number of CRS ports > 0, we need to signal the following:
· Different PCID: In this case, we need to signal the raster offset explicitly with 4 possible values (-7.5, -2.5, 2.5, 7.5)
· Same PCID + CRS information  32 combinations without bandwidth information, 46 with bandwidth information.

Thus, we need a total of 6 bits to convey this information. For example, we can use the following table



Table 1 Interpretation of CRS/deployment field for number CRS ports > 0
	Value of field
	Meaning

	0-45
	PRB index + bandwidth (See Figure 2)

	46
	Different PCID, raster offset = -7.5

	47
	Different PCID, raster offset = -2.5

	48
	Different PCID, raster offset = +2.5

	49
	Different PCID, raster offset = +7.5

	50-63
	Reserved



Table 2 Interpretation of CRS/deployment field for number CRS ports = 0
	Value of field
	Meaning

	0-45
	Reserved

	46
	Offset = -7.5 (Guard band)

	47
	Offset = -2.5 (Guard band)

	48
	Offset = +2.5 (Guard band)

	49
	Offset = +7.5 (Guard band)

	50
	Offset = 0 (Standalone)

	51-63
	Reserved





Figure 2 PRB index for different bandwidth values for option 2

With this approach, using 6 bits we can include CRS information, bandwidth information, raster offset and operation mode. Note that the knowledge of the bandwidth may allow UEs to use CRS for channel estimation outside the NB-IoT PRB (for example, a dual mode eMTC and NB-IoT which may have higher processing power).
Proposal 2: Jointly encode deployment mode, CRS information, bandwidth, raster offset and same PCID in MIB using Tables 1-2.
With these proposals, the MIB content would be as follows:


	SFN
	4 bits

	SIB1 scheduling information
	4 bits

	Number of CRS ports
	2 bits {0,1,2,4}

	Raster offset / CRS information / deployment type
	6 bits

	SIB1 value tag
	5 bits

	TDD vs FDD 
	1 bit

	Access control
	1 bit

	Spare
	11 bits

	Total
	34 bits



3. Summary of proposals
In this document we presented our views on MIB/PBCH design for NB-IoT. The main proposals are:
Proposal 1: Introduce 1 bit in MIB for FDD/TDD differentiation. 
Proposal 2: Jointly encode deployment mode, CRS information, bandwidth, raster offset and same PCID in MIB using Tables 1-2.
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