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1 Introduction

At the last RAN1 #84 meeting, significant progress was made towards the finalization of the NB-PBCH. The following summarizes the agreements as they pertain to the NB-PBCH and NB-MIB design.
	· 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.


One of the remaining open issues is the detailed NB-MIB design. This contribution elaborates on our preferences towards the finalization of the NB-PBCH and NB-MIB.
2 Remaining details of NB-MIB design
The following information has been agreed to be signaled in the NB-MIB:
· System frame number

· Information to obtain CRS sequence
· Number of LTE CRS ports
· SIB1 scheduling information

· Mode of operation indication

· Raster offset

System Frame Number (SFN)
After NB-PBCH decoding, the NB-IoT UE can obtain the timing with respect to the 640ms TTI during which the NB-MIB payload does not change. To align the NB-IoT SFN obtained by decoding the NB-MIB with the LTE SFN signaled in the LTE MIB, 4 additional bits are needed. 

LTE CRS Information
In order to allow the NB-IoT UE to rate match around legacy CRS REs, it has to be informed about the CRS configuration of the LTE donor cell for NB-IoT in-band operation. The CRS frequency shift is already known from the NB-SSS detection as it was agreed that NB-SSS and PSS/SSS may indicate different PCIs but not different v-shifts. Hence, only the number of CRS antenna ports needs to be included in the NB-MIB for proper decoding of the NB-SIB1. To allow the NB-IoT UE to also use the legacy LTE CRS for channel demodulation, the LTE PRB index in which the NB-PBCH is transmitted can also be included in the NB-MIB. One bit is required for the number of LTE antenna ports (four LTE CRS ports or same number as NB-RS antenna ports) and five bits for the PRB index. 

Proposal 1: A single bit can indicate whether the LTE CRS configuration is identical to the NB-RS configuration in terms of the number of antenna ports (one or two antenna LTE CRS ports) or not in which case the UE assume four LTE CRS antenna ports. 

Proposal 2: Five bits are included in the NB-MIB for indication of the LTE donor PRB index. The PRB index is used for both in-band and guard-band deployments. 

SIB1 Scheduling Information
Similar to LTE Rel. 13 eMTC, the SIB1 scheduling information (4bits) can be included in the NB-MIB. 
Mode of operation indication
The mode of operation can be jointly encoded with the same-PCI-indicator using two bits. For example, {00,01,10,11} can indicate standalone mode of operation, guard-band mode of operation, in-band mode of operation with same-PCI indicator set to true and in-band mode of operation with same-PCI indicator set to false, respectively. Alternatively, instead of using a single bit to indicate whether the LTE CRS configuration is identical to the NB-RS configuration in terms of the number of antenna ports or not, two bits can be used to signal the four values {0,1,2,4}. {1,2,4} signal the number of LTE CRS antenna ports whereas {0} means either guard-band or standalone deployment in which case the same-PCI indicator can be interpreted to discern between the two. Either way, a total of three bits are needed to signal the mode of operation and LTE CRS information. 
Proposal 3: The mode of operation can be implicitly indicated by existing parameters such as the number of LTE CRS antenna ports and the same-PCI indicator. 
Channel Raster Offset Indication
Proposal 4: The raster offset information is indicated in the NB-MIB using two bits for +/-2.5kHz and +/-7.5kHz
In addition, RAN2 may decide on the following fields in the NB-MIB:
System Information Value Tag

The System Information Value Tag—same size as in legacy LTE systems, i.e., 5bits—can be included in the NB-MIB. 
Access Control

One bit can be included in the NB-MIB to indicate when system information message for access congestion (AC) is (de)activated.
Table 1 summarizes all NB-MIB fields and the total NB-MIB payload. As can be seen, at least 10 reserved bits will be available taking into account possible fields to be added by RAN2.

Table 1: NB-MIB payload design

	SFN
	4 bits

	PRB index
	5 bits

	Number of LTE CRS ports 
	2 bits

	SIB1 scheduling information
	4 bits

	Mode of operation indication
	0 bits

	Same-PCI indication
	1 bit

	Raster offset
	2 bits

	System Information Value Tag
	5 bits

	Access Control
	1 bit

	Reserved
	10 bits

	TOTAL
	34 bits


In our companion contribution in [1] on the use of LTE CRS for NB-PDCCH/NB-PDSCH demodulation, we arrive at the conclusion that this is beneficial and should be supported. We thus propose to confirm the working assumption that information to obtain the CRS sequence and a same-PCI indicator to indicate whether or not LTE PCI and NB-IoT PCI are the same are included in the NB-MIB.
Proposal 5: Confirm the working assumption that information to obtain the CRS sequence and a same-PCI flag to indicate whether or not LTE PCI and NB-IoT PCI are the same are included in the NB-MIB.

Regarding the FFS, the same-PCI indicator should always be present, however, in case the number of LTE CRS ports is set to zero, it is used to discern between guard-band and standalone mode. The PRB index (5 bits) can optionally be present when needed increasing the number of reserved bits to 15 when absent. 
Proposal 6: The same-PCI indicator is always present, however, in case the number of LTE CRS ports is set to zero, it is used to discern between guard-band and standalone mode. 

Proposal 7: The PRB index can optionally be present when needed increasing the number of reserved bits to 15 when absent. 
3 Conclusion

In this contribution, we addressed the remaining open issues in the NB-MIB design. Towards the finalization of the NB-PBCH and NB-MIB, we made the following proposals:
Proposal 1: A single bit can indicate whether the LTE CRS configuration is identical to the NB-RS configuration in terms of the number of antenna ports (one or two antenna LTE CRS ports) or not in which case the UE assume four LTE CRS antenna ports. 

Proposal 2: Five bits are included in the NB-MIB for indication of the LTE donor PRB index. The PRB index is used for both in-band and guard-band deployments. 

Proposal 3: The mode of operation can be implicitly indicated by existing parameters such as the number of LTE CRS antenna ports and the same-PCI indicator. 
Proposal 4: The raster offset information is indicated in the NB-MIB using two bits for +/-2.5kHz and +/-7.5kHz
Proposal 5: Confirm the working assumption that information to obtain the CRS sequence and a same-PCI flag to indicate whether or not LTE PCI and NB-IoT PCI are the same are included in the NB-MIB.
Proposal 6: The same-PCI indicator is always present, however, in case the number of LTE CRS ports is set to zero, it is used to discern between guard-band and standalone mode. 

Proposal 7: The PRB index can optionally be present when needed increasing the number of reserved bits to 15 when absent. 
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