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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.
In addition, agreements on MIB contents have been reached in the last Ad Hoc meeting.

To enable PBCH for frequency tracking, it is proposed to map the resource elements of repeated blocks in such a way to allow frequency tracking with low complexity. [1] In this contribution, we provide our view on the PBCH and MIB for NB-IoT. 


2. Discussion
In NB-IoT, frequency tracking at UE side is substantially more challenging than that in legacy LTE because of the following factors:
· Extended coverage
· Narrower bandwidth and hence less reference signal density 
· Half duplex
It’s therefore desirable to make use of broadcasting channels for the frequency tracking, particularly for in-band operation where DL transmit power is limited.
In NB-IoT, the MIB carries a total of 50 bits including CRC, which after encoding becomes 150 encoded bits. Since there are 100 resource elements in a NB-PBCH resource block that can carry 200 bits, the first encoded block of 50 bits, V0, will be transmitted twice in a resource block. 
If the bits of the two repetitions of V0 are mapped to the same subcarriers of different time, then frequency tracking can be performed by estimating the phase differences of corresponding REs without decoding.
It has been shown in [1] that using NB-PBCH in addition to NB-RS for frequency offset estimation can achieve about 6.5 dB gain as compared to using NB-RS only. This also indicates significantly reduced frequency tracking time that is important for half-duplex operation. Considering the above, we have the following proposal
Proposal 1: Map the repeated encoded bits of NB-PBCH onto the same subcarrier. The exact mapping is FFS.

3. Summary 
In this document we discussed the need of using PBCH for frequency tracking and have the following proposal:
Proposal 1: Map the repeated encoded bits of NB-PBCH to the same subcarrier. The exact mapping is FFS.
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