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1 Introduction
In RAN1 NB-IoT Ad hoc meeting [1], NB-MIB was discussed with the following conclusion:

Agreement:
· 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
In this contribution, we discuss the open issues on NB-PBCH.
2 Discussion
In legacy LTE system, the TTI of PBCH is 40ms and the 8 most significant bits of the SFN are contained in MIB while the 2 least significant bits of the SFN are acquired implicitly by the PBCH decoding. In the last meeting, it was agreed that the time interval where NB-MIB remains unchanged is 640 ms [1]. Following the same design as legacy PBCH, we propose that the 4 most significant bits of SFN are contained in NB-MIB while the 6 least significant bits of SFN are acquired implicitly.
Proposal 1: Only the 4 most significant bits of SFN are contained in NB-MIB.

In the last meeting, it was agreed that NB-RS is always present and FFS additional utilization of LTE CRS in in-band operation mode. Since LTE CRS is always transmitted over the LTE system bandwidth in each non-MBSFN DL subframe, it is desirable to use LTE CRS as well for the in-band operation mode so as to enhance the channel estimation performance. 
LTE CRS locations can be derived from NB-SSS as per the agreement. In addition, the frequency location of NB-IoT carrier within the LTE bandwidth and the number of antenna ports of LTE CRS need to be known. One simple way is to carry the explicit information for indicating the frequency location in the NB-PBCH, for example total 8 bits information field in the NB-PBCH to indicate the frequency offset and frequency relative location from the center frequency of LTE system bandwidth, as listed in the following two options [2].
· Option 1: 

· 1 bit to indicate the NB-PBCH is located at the high frequency band or the low frequency band divided by the center frequency of the LTE system bandwidth

· 7 bits to indicate the frequency offset from the center frequency of the LTE system bandwidth, while the frequency offset is scaled with half of a RB as a unit so as to reflect different RB mapping with even and odd number of total RB in the LTE system bandwidth

· Option 2:
· 1 bit to indicate the NB-PBCH is located at the high frequency band or the low frequency band divided by the center frequency of the LTE system bandwidth

· 1 bit to indicate the number of RB in the LTE system bandwidth is even or odd

· 6 bits to indicate the frequency offset from the center frequency or center RB of the LTE system bandwidth, while the frequency offset is scaled with one RB as a unit
For simplicity, the number of CRS antenna ports can be also explicitly indicated in NB-PBCH.
Proposal 2: Total 8 bits information field in the NB-PBCH are used to indicate the frequency location of NB-IoT carrier within the LTE bandwidth. Additionally, the number of CRS antenna ports is explicitly indicated in NB-PBCH.

As agreed in the last meeting, two transmission schemes are defined, i.e. single antenna port and two antenna ports transmission schemes. Following the legacy design, the UE can obtain the number of antenna ports by blind decoding different CRC masks, so there is no necessity to explicitly indicate antenna port number of NB-RS in NB-MIB. 
Proposal 3: The number of NB-RS antenna ports is obtained implicitly by blind decoding different CRC masks.

Regarding NB-SIB1 scheduling, a simple way is to reuse the eMTC SIB1bis scheduling mechanism, i.e. indicate the repetition number with TBS in MIB. The time resource allocation is determined by repetition number and PCID. 
Proposal 4: SIB1 scheduling information can reuse the eMTC SIB1bis scheduling mechanism.
For in-band operation mode, the first few OFDM symbols need to be reserved while all the OFDM symbols can be used for stand-alone and guard-band operation modes. In addition to NB-RS, legacy LTE CRS may be used as well for in-band operation mode. The starting OFDM symbol can be indicated in NB-MIB including zero and whether LTE CRS is used can be implicitly indicated in LTE CRS information in NB-MIB. Therefore, the necessity to indicate operation mode explicitly in NB-MIB is not clear. Compared to indicating operation mode, the benefit of indicating CFI is that the NB-SIB1 can start earlier in case a smaller number of OFDM symbols are reserved for legacy control region for in-band operation mode. 
Proposal 5: 2 bits in NB-MIB are used to indicate CFI including zero and operation mode is not explicitly indicated.

Depending on the NB-PSS and NB-SSS design, if FDD and TDD can be distinguished by sync signal, there is no need to indicate FDD/TDD indicator in NB-MIB.
The necessity of LTE system bandwidth indication in NB-MIB depends on NB-SIB design. For example, if NB-SIB can be transmitted in different NB-IoT carrier from that of NB-PBCH, it may be needed.
3 Conclusions

In this contribution, we discuss remaining issues on MIB with the following proposals:

Proposal 1: Only the 4 most significant bits of SFN are contained in NB-MIB.

Proposal 2: Total 8 bits information field in the NB-PBCH are used to indicate the frequency location of NB-IoT carrier within the LTE bandwidth. Additionally, the number of CRS antenna ports is explicitly indicated in NB-PBCH.

Proposal 3: The number of NB-RS antenna ports is obtained implicitly by blind decoding different CRC masks.
Proposal 4: SIB1 scheduling information can reuse the eMTC SIB1bis scheduling mechanism.
Proposal 5: 2 bits in NB-MIB are used to indicate CFI including zero and operation mode is not explicitly indicated.
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